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Takenoshin NAKAI 1882—1952 


By Hiroshi HARA 


Dr. Takenoshin Nakai, the director of the National Science Museum and Pro- 
fessor Emeritus of the University of Tokyo, passed away on December 6, 1952 in 
Tokyo. 

We have now lost one of the most active leaders of Japan in plant-taxonomy. 
Internationally known, particularly as the authority on Korean flora, he devoted 
himself with equal success and enthusiasm to research, to teaching, and to the 
administration of the University and of the Museum. 

He was born in the city of Gifu on November 9, 1882, and his interest in botany 
from his boyhood was greatly influenced by his father, Seitar6 Hori, who was a 
pioneer in agriculture in Japan. He entered the Department of Botany, the Science 
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College of the Tokyo Imperial University, and graduated from the University in 
1907. He started his long academic career as Assistant from 1908 to 1917. He held 
the position of Lecturer from 1917 to 1922, of Assistant Professor from 1922 to 1937; 
and of Professor from 1927 to 1942, and became Professor Emeritus in 1947. He 
received the degree of Rigakuhakushi (Doctor of Science) from the University in 1914. 

From 1906 by the suggestion of his Professor Jinz6 Matsumura, he began as his 
lifelong work to investigate Korean flora which was only very poorly known in those 
days. Facing many difficulties and dangers, he took about 18 collecting trips from 
1909 to 1940 in the alpine region of North Korea, Is. Dagelet, Is. Quelpaert, moun- 
tains of south Korea, etc., and made extensive botanical collections including a large 
number of new plants. His Flora Koreana Vol. 1 and 2 were published in 1909 and 
1911 respectively, and a long series of important articles was successively forthcoming 
in the Botanical Magazine (Tokyo), etc., and in later years in Journal of Japanese 
Botany. Among them were established such distinct new genera, Chosenia, Abelio- 
phyllum, Hanabusaya, Pentactina, Echinoscphora, etc. He was named Government 
Botanist from the Chosen (Korean) Government General in 1913. His monumental 
work, Flora Sylvatica Koreana 22 volumes (1915-1939), containing detailed descrip- 
tions of 1839 pages and 569 accurate plates in total, has taken its place as one of 
the most outstanding contributions to the East Asiatic flora. In 1927 he was awarded 
a memorial prize of Prince Katsura from the Imperial Academy of Japan for his 
researches on Korean Plants. Now Korea became one of the best known district in 
East Asia botanically, and in May 1952 his lifelong work on Korean plants was 
summarized in his last paper, Synoptical Sketch of Korean Flora, in which 3176 
species, 841 varieties and 174 formae were enumerated. 

In 1919 he made a short trip to Java and Ceylon for the investigation of medi- 
cinal plants. Then from 1923 to 1925, he visited principal botanical institutions in 
Sweden, Germany, Austria, France, Holland, Switzerland, England and United States 
of America. He carefully examined many type specimens of Asiatic plants preserved 
in those herbaria, and corrected many historical errors based on his keen observa- 
tions. His critical monographic researches, especially on Aconitum, Viola, Lespedeza, 
Arisaema, Vaccinium, Euonymus, Camellia, Poly gonaceae, Caprifoliaceae, Bambusaceae, 
Pteridophyta, etc. drew great attention internationally. The revised edition of his 
Trees and Shrubs indigenous in Japan Proper Vol. 1 in 1927 was an important con- 
tribution with many new opinions. 

While he held office in the University of Tokyo, specimens in the herbarium 
increased more than 10 times, comprising his large collection from Korea all critically 
determined, and a complete library of taxonomic literature on East Asiatic plants 
accumulated. And these herbarium and library have become an active center for 
plant-taxonomy in Japan. His lecture on systematic botany including many critical 
and original interpretations inspired students very much. He revised the whole 
system of vascular plants, and proposed new classifications particularly of Salicaceae, 
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-Bambusaceae, Lauraceae, Liliales, Pteridophyta, etc. He was also deeply interested 


in phytogeographical problems in East Asia, and established the fourth chair—of 
botany in the University. In addition he had close relations to the Botanic Gardens 


of the University, and was named as Director of the Gardens from 1930 to 1942. 


Under his administrative activities, the scope of the Gardens was strikingly increased 
and new buildings were added. 

In 1925 he was named as Membre correspondant du Muséum national d’histoire 
naturelle de Paris and de la Société Botanique de Généve, in 1926 International 
Committee of Botanical Nomenclature at the International Botanical Congress at 
Ithaca, and in 1930 General Committee of Botanical Nomenclature. In 1933, he took 
part in the First Scientific Expedition to Manchoukuo as the head of botanical party. 
In 1939 he was appointed Committee of the Council for Investigation of Historical 


Monuments, Beautiful Sceneries and Natural Monuments, in 1941 as a member of | 
National Research Council of Japan, and in 1942 as a councillor of Research Institute 


for Natural Resources. In 1950, he attended the 7th International Botanical Congress 


at Stockholm as Honorary President and Committee of Botanical Nomenclature, 


representing .Japanese botanists, and also the Second International Biennial Congress 


of the Council of Museums at London. In these various fields he devoted himself 


to the advancement of scientific researches in Japan. 

From 1943 to 1945, he served as Director of the Buitenzorg Botanical Gardens 
in Java, and made great efforts for the protection of scientists there and for the 
preservation and rebuilding of the Gardens against military actions during the Second 
World War. 


In 1947 he was appointed Director of the National Science Museum in Tokyo 
which position he, held until his death, and under his management the activities of 


the Museum were greatly expanded. In July 1952, he directed as the head a scientific 
expedition of the Museum to Is. Yakushima in spite of old age, and he energetically 


continued to investigate the materials collected there by himself until he was sud-_ 


denly confined to bed on August 28th by cerebral haemorrage. 
All his friends and students will remember the outstanding characteristic of his 
personality, the enthusiasm for research and discovery and the intolerance of any 


deviation from his opinion, and yet he had a real respect for seniors and a strong | 


power of stimulating and leading his followers with paternal love. 

During the whole period, he had written over 500 botanical papers, and those 
published up to 1942 were listed in the memorial publication) at the 60th anniversary 
of his birth, with a list of more than 4000 new plant-names proposed by him. The 
following bibliography which is a supplement of the list, includes principal papers 
published from 1942 until his death. He also compiled Iconographia Plantarum 
Asiae Orientalis (1935-) and Nova Flora Japonica (1938-), 
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Further remarks on Pxeumatopteris callosa (Blume) Nakai. Journ. Jap. Bot. 20: 297-309, fig. 1-4. 
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2 ees Kingiana, planta dicotyledonis cum foliis maximis. Collect. & Breed. 8 (1): 24 

2b fig 
- (Scientific Name of Johimbe Tree). Journ. Jap. Bot. 21 (1/2): 21. 

Nepenthes of Galang Island, Rio Archipelago (abstr.). Bot. Mag. Tokyo 60: 86. 
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Electron-microscopical study on fine structures 
of diatom frustules X. 


By Haruo OKuNO* 
RAKE TES TAGGIC L SPEER ER OBR X. 
Received January 29, 1952 


Cocconeis placentula Ehrenberg var. lineata (Ehrenberg) Cleve (PI. I, figs. la- 


1b’), Hustedt; Bacill. (1930) p. 190, fig. 262; Mills, Index Diat. (1933) p. 432; Okuno, ; 


Atlas Fossil Diat. (1952) pl. 11, figs. 2, 3. 
Preparation: Calcinated samples were prepared as the direct preparations. 
Hab.: Fossils from the Arii-mura diatomite deposit (Holocene, fresh water 
origin; now producing excellent diatomaceous earth). Arii-mura, Mie Pref. (Okuno, 
no. 571. Oct. 1942) 


Pores in both upper and lower valves seem to be not locular. In the upper - 


valve (figs. 1b, 1b’), the pores about 12-14 in 10 p, in slightly radiating rows, and 
about 22 in undulating longitudinal rows. Pores are about 300-500myp long and 
220-270 my broad. Sieve membranes somewhat penetrable to the electron beam (fig. 
1b’). Sieve pores are transversely linear, sometimes divided by longitudinal mem- 
branes into two or three micropores. In the lower valve (figs. la, la’), the pores 


are elliptic to angular, about 300-900 my long and about 220 mp broad, about 20 in 


10, in slightly radiating and longitudinal rows. In some pores undamaged homo- 
geneous or irregularly porous sieve membranes remain. The optical micrograph 
Fig. la and the electron micrograph Fig. la’ (photoed the small portion la’ in fig. 
la) were obtained from the same valve. In order to obtain such homologous optical 
and electron micrographs from the same valve, the valve in the direct preparation, 


after photoed in the electron microscope, was isolated from the holder with the help — 


of a sharp needle and prepared as the light microscopic preparation to be photoed 
by means of the light microscope. 

Navicula cuspidata Kiitzing var. ambigua (Ehrenberg) Cleve (PI. I, figs. 2, 2/), 
Hustedt, Bacill. (1930) p. 268, fig. 434; Okuno, Atlas Fossil Diat. (1952) pl. 14, fig. 4; 
Navicula ambigua Ehrenberg, W. Smith, Brit. Diat. 1 (1853) p. 51, pl. 16, fig. 149, V. 
Heurck, Synop. Diat. Belg. (1880-1) p. 100, pl. 12, figs. 5, 6, Mills, Index Diat. (1934) 
p. 1019. 

Preparation: Calcinated samples were prepared as the collodion preparations. | 


* Botanical Institute, Kyoto University of Industrial Arts and Textile Fibers, Kamikyoku, Kyoto. 
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Sune, In the disk of a valve, the pores are found about 20 in 10 w arranged in slightly 
_ radiating rows, and about 16 in longitudinal rows. Pores seem not locular, roundish, 
about 200my in diameter. Sieve membranes could not found in the present research. 
ff The ‘percentage of the total area of the pores to that of the valve, is about 10. 
ak! Mastogloia fimbriata (Brightwell) Cleve (Pl. I, figs. 3-3"; Okuno, XI, pl. I, fig. 
as 12), Nay. Diat. 2 (1895) p. 148; Hustedt, Kieselalg. 2 (1933) p. 464, fig. 884; Mills, 


Preparation: Calcinated samples were prepared as the direct preparations. 

ee ‘Hab.: Marine. Attached to Codium fragile (Sur.) Hariot. Sakai, Osaka Pref. 
~ (Okuno, no, m 159. Aug. 1942) 

I es Pores in the valve are incompletely locular, about 4-5 in 10 p, in slightly radiat- 
ing and oblique rows. Loculi are usually hexagonal. The hexagonal outlines of the 
Joculi, which are clearly seen with the light microscope, the become invisible in the 
Jectron microscope owing to the over-thickness of the valve for the penetration of 
he® electron beam. Sieve membranes of the loculi are somewhat penetrable to the 


SP S 
a ‘electron beam, with 14-18 marginal small sieve pores. Sieve .pores are horse-shoe 


| shaped, about 110-150 mp long and 110-140 mp broad at the broad basis. The loculi 
| the present species are probably Kolbe’s “Open loculi” “Half closed loculi” 


ea Bacill. Une. 3 (1903) pl. 20, ig 293. 
| Peparatn: Calcinated samples were prepared as the direct preparations. 
" Hab.: Marine. Attached to Sargassum sp. Amanohashidate, Kyoto Pref. (Okuno, 


ey 
i "transverse rows, the loculi about 5 in 10%. Loculi are rhombic hexagonal, about 2u 
in transverse axis and about 1.3, in apical axis. Sieve membranes are compara- 
poly! thick, with two or three longitudinal slit like sieve pores. Sieve pores are 
ut 280-550 my long and about 130 my broad, with fine secondary sieve membranes. 


A secondary sieve membrane, usually perforated with 2-3 micropores. A cover 


mal 


a ‘same pie: ; 

wa Achnanthes longipes Agardh (PI. II, figs. la-1b’”), Hustedt, Kieselalg. 2, p. 427, 
K fig, 878; Mills, Index Diat. (1933). p. 68; Okuno, Diat. Jap. II, ago Hiroshima Univ. 
“e wie B, Div. 2, 5 (1942) p. 14, fig. 11. ¥ 


Hib Fresh eaten Conthids in Wosista. nee Pref, (Okano, no: 364, a 1938) ot 


ay in the valve are locular, arranged in transversed and oblique rows. In 


a4 


Coll. H. Maeda) . 
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Preparation: Calcinated samples were prepared as the direct preparations. 

Hab.: Marine. Brown colonies in the aquarium. Seto Marine Laboratory of 

Kyoto University at Shirahama-ché, Wakayama Pref, (Okuno, no. m 430. Aug. 1950. 


Loculi are transversely long, reaching the margin of the valve, about 4-5 in 10p. 
In a loculus sieve pores arranged in 2-3 transverse rows. Sieve pores seem not 
locular, roundish, about 1 in diameter, with 2-4 indistinct constrictions at the 


margin, at the constrictions, producing somewhat thick supporting membranes to the 


secondary sieve membrane. In the sieve pores, netveined secondary sieve membranes 
are distinct. In a secondary sieve membrane, 7-27 secondary sieve pores are founds } x ° 
The secondary sjeve pores are narrow linear, strongly curved at the marginal part ; 
of the secondary sieve membrane, and slightly curved or almost straight in the th are 
central part of the membrane. In the electron micrograph Fig. la’, some sieve pores 
are partly covered by the costae (the side wall of the loculus). Judging from those — ‘ 
micrographs, the costae are likely produced transapically into the cells, making the x 
side walls of the transverse loculi, as in Pinnularia. The existence of the cover ak 
membranes could not be ascertained in the present research. In the girdle (figs. ; e 
1b-1b’”), the costae or the side walls of the loculi as in the valve, can not be found. i ae 
And frustule pores which correspond to the sieve pores in the valves, are about 11 i 7 
in 10, in longitudinal and transverse rows. The pores are not locular, roundish to . 
almost angular, with.2-6 constrictions at the margin. The fine structures of the | 


pes 
sieve membranes are similar to those of the secondary sieve membranes of the | ay 


valves. I have found similar netveined sieve membranes also in Eucampia balausti- he e 
fs 

um (Okuno, XI, pl. I, fig. 14). The sieve membranes of Isthmia nervosa (Okuno, 

Bot. Mag. Tokyo, 62, p. 138, pl. 5, figs. 7- 9) and Biddulphia pulchella (2) (Okuno, ie 


Kagaku, ERS 21, p. 474, fig. 3), are somewhat similar in their fine structures to 


presence of the iene branched secondary sieve ee eae. ‘The primary ‘Andy 
secondary sieve membranes in Jsthmia nervosa and Biddulphia age (2) seem 


Sct 


like the reticulate veins in the leaves of the higher plants. 
Achnanthes lanceolata (Brebisson) Grunow (PI. II, figs. 2-2’), Hustedt, Kisselaigt he 
2, p. 408, figs. 863, a-d; Mills, Index Diat. (1933) p. 66; Okuno, Diat. Jap. I, Journ. p oe 
Hiroshima Univ. Ser. B, Div. 2, 4 (1940) p. 52, fig. 21. ie 
Preparation: Calcinated samples were prepared as the collodion preparations. 
Hab.: Fresh water. Brownish colonies on the stones in Kamo river, Kyoto. 
(Okuno, no. 1523. Nov. 1949) oe. 
Valves about 14-16 long, and about 6 broad. In the present research, the © i 
lower valve was observed with the electron microscope. Costae in the lower valve are ' 
about 13 in 10 8 The sieve membrane is very thin, with about 10 transverse and a 
oblique rows of minute sieve pores in 1p. Sieve pores are roundish, about 70-100mp. a 
in diameter. The frustule at the inside, is likely to be divided into transverse, ss 
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ae! 


incomplete loculi with the partitions of the side walls, producing as the thickenings 


of the costae. The percentage of the total area of the sieve pores to that of the 


3 


ud 


valve is about 50. “ 
Cymbella australica (A. Schmidt) Cleve (PI. II, figs. 3-3’; Okuno, XI, pl.-I, fig. 
6), Synop. Nav. Diat. 1 (1894) p. 176; Mills, Index Diat. (1933) p. 545; Cocconema 
australicum A. Schmidt. Atlas, Diat. pl. 10 (1885) figs. 34, 35. 
Preparation: Calcinated samples were prepared as the collodion preparations. 
-* Hab.: Fossils from the Arii-mura diatomite deposit, Mie Prof. (Okuno, no. 571. 


~ Oct. 1942) 


Valves cymbiform, about 100 long and about .20 % broad, with centrally gibbous 


a ventral margin and slightly narrowed ends. The central area is orbicular, with a 
ff ° distinct stigma on the ventral side. Striae slightly radiate, about 8 in 10y. Pores 
AEM in a stria about 15-16 in 10y. In the electron microscope, pores seem to be not 
‘a locular. The pores are angular in the middle part of the valve and roundish at the 
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ends. In some pores, undamaged porous sieve membranes were found (fig. 3’). 


Sieve pores are roundish, about 60my in diameter, about 8 in ly, arranged in 
longitudinal and transverse rows. The percentage of the area of the tolal pores to 


oe ‘ the area of the valve is about 18. According to my researches, the sieve membranes 


in many species of Cymbella are likely to be very delicate, and easily lost by the 
treatments during the process of the preparation. And thus, in the electron micro- 
scope, in many cases, the pores are found just like the simple pores without the 
sieve membranes ! 


4 (204, Ane PB aes, Ae, 


Fig. la-1b’ Cocconeis placentula var. lineata. 2,2! Navicula cuspidata yar. ambigua. 3-3!' Masto- 
gloia fimbriata. 4-4!’ Trachyneis Johnsoniana. (1a,1b, 2,3,4...Light micrographs. Others...Electron 
micrographs) 


H. Okuno: Fine structures of diatom frustules. 
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On the adaptation of yeast to copper. 


IV. Species specificity of the ribonucleic acid.* 


By T; MINAGAWA, N. YANAGISHIMA, Y. ARAKATSU, 
S. NAGASAKI and J. AsHIDA** 


PP NS EE Se BS GE A: RRR OMCHT SMKMERACHA » 
Received February 20, 1952 


The viability of cells of a strain of Saccharomyces ellipsoideus tested by plating a 
in a medium enriched with copper sulfate was noticeably, increased by treating we 
the cells with the ribonucleic acid (RNA) fraction obtained from the cells of copper- ; 
resistant variant derived from it; in the control treated with the corresponding a8 
fraction obtained from the cells of the parent strain, no comparable amelioration | 
ever was appreciated (1). It was further suggested that the RNA seemed to be the t 
sole active principle contained in the cell extract (2). ‘This situation leads to the 
question whether the said activity to fortify the cells of S. ellipsoideus against the : 
lethal effect of copper can be detected in the extracts from other species of yeast. ta 
Reported here are the results of experiments comparing the activities of the extracts e 
obtained from various yeasts including those belonging to the genera Saccharomyces, 


Saccharomycodes, Torula and Willia. ets. 


Experimental 


The strain of Saccharomyces ellipsoideus Hansen used was the same as in the 


preceding papers (1,2). The other yeast species, S. cerevisiae Hansen (S7***), S. - : 
sake Yabe (S112), Saccharomycodes Ludwigit Hansen (Sm2), Torula lactis «a Dom- { “oe 
rowski (132), T. rufula Saito (T16), and Willia anomala Hansen (W10), were those uy 
kindly supplied from the Fermentation Institute, Takeda Pharmaceutical Industries, ae 
‘by Dr. Nakazawa. 5 Bi 


The culture medium and condition, the method of preparing the cell extract, 
and the method of determining resistance to copper were the same as in the preced- 


ing paper (2). 


* This work was aided by the Grants in Aid for Fundamental Research from the Ministry of ‘ , 
Education. ; ie 
oe Botanical Department, Faculty of Science, Kyoto University and Biological Department, q 
Faculty of Science and Technology, Osaka Municipal University. 
*** Name of strain in the Fermentation Institute, Takeda Pharmaceutical industries. 
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1. The growth of several yeast species on the copper ‘media:—S. ellipsoideus, Ss i 
eseseiee S. saké, Saccharomycodes Ludwigit, T. lactis SGM rufula and W. anomala 
“were cultured on the MH-agar media containing 1, 4 and 8 mM/1 of CuSO, in test } 
“tubes at 30°C. Table 1 shows the growth of these species on the copper media 2 
a and 20 days after inoculation. The three species of Saccharomyces and Saccharo- 
AM Piicodes Ludwigii were sensitive to copper, while the two species of Torula were 


/ ks a e 
#0 * . 
i Table 1. Growth of several species of yeast on the copper medium. 


—:no growth, +: poor growth, ++: medium growth, tt: luxuriant growth. 


Incubation period (days) 2 : 20 
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Concn. of CuSO, (mM/1) 


Saccharomyces ellipsoideus 


| 
' 


Sacch. cerevisiae 
Sacch. saké 
Saccharomycodes Ludwigit 


Torula lactis « 
T. rufula 
Tee NS OA Willia anomala 
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4 more resistant. W. anomala which was the most resistant of the pee este 


rs 
Tn fines words, these which produce ethyl alcohol seem to be more sensitive than 
=r 


ae — which produce it little. It was reported that in S. ellipsoideus brown (resistant) 
On vag “colonies grew Sooner under the conditions which favoured fermentation (3). The 
san _ correlation between the type of respiration and the copper resistance seems to be 


ae brown without distinct ies Ae growth of this type. T. rufula, ‘whee 
Be ontains carotinoids, showed no change in colour. W. anomala remained uncoloured 
+ by butt tended to be a little greenish after long incubation. After successive transference 
fh on 1 mM Cu-MH-agar medium, first five species in Table 1 grew as brown colonies — 
og .. OF in a single step, the stage of white colonies being omitted. Those resistant strains 
a having a brown colour will be represented Rjp just as for S. ellipsoideus in preceding 


uae The resistant strains of T. rufula and W. anomala which are not brown > 


‘i a Effect of extracts from different species :—The above- mentioned species were. 
. ~ cultured on the 1mM Cu-MH-agar medium for two months, being transferred to the i 
fresh medium every week. Then, in order to have cells containing no excess copper S 
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the Ry,’s and R,’s were cultured for 48 hours in the MH-liquid medium without added 
copper. These are. denoted Rip) and Ri. Cells were washed and the hot water 
_ extracts were made as reported before (2). Similar extracts were made also from 
the parent strains of S. ellipsoideus and S. cerevisiae and also from commercial 
baker’s yeast of the Oriental Yeast Co. 
Cells of the parent strain of S. ellipsoideus were suspended in those extracts for 
7 hours at 30°C. And the survival ratio of the treated cells in 1mM Cu-MH-agar 
plates were determined. As is seen in Table 2, the survival ratio can be increased 
only through the treatment by the extract from the resistant strain of S. ellipsoideus 
itself. 


Table 2. Survival ratio in the 1mM Cu-MH-agar plate of the parent 
strain of Sacch. ellipsoideus treated by the extracts of various species of yeast. 
(0) and (00). indicate that the resistant strain (Rip or R1) which had been 
kept on the copper medium was subcultured once and twice, respectively, in 
the copper-free medium before the extraction. 


Extract from Survival ratio 

Sacch. ellipsoideus Parent strain 72 

| » Ripco0) 100 vay 
Sacch. cerevisiae Parent strain 76 
3 Rip) : 75 

~ Sacch. saké oo Ripa 61 oo 

Baker’s yeast Normal strain 66 

Saccharemycodes Ludwigii Ripx0) 70 
T. rufula Rio) 7A 
’ W. anomala R40) 79 


The copper-resistance of S. ellipsoideus was not affected by the extracts from fe 


the copper-trained resistant cells of other species, even if these were systematically = 


closely related to it and showed the growth habit similar to it on the copper-contain- 
ing medium. And the same was true with the extracts from copper-trained cells: of — 
yeast species which were inherently more resistant than it and had metabolic Me 
activities somewhat different from it. The effect was, as might be expected, not 
found in the extracts from the normal sensitive ‘cells of the species tested. i 

Unpublished experiments of the authors indicate that the survival ratio-copper 
concentration curve is two-stepped with the parent strain either with or without ; 


treatment by the RNA fraction extracted from the sensitive cells, while the curve is 


a simple smooth one with the copper-resistant Rip cells or with the parent strain. 
treated by the effective RNA. Hence the composition of population of the parent 
strain is changed to be the same type as of the Ry, strain, by the action of the RNA 
from the latter cells. The increased copper-resistance due to the special RNA, how- 
ever, is not so high as of the Rip strain itself. Namely, the sensitive cells treated 


e 
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oe 
Ke 6 by the RNA from Ryp grow on 1mM Cu-MH-agar slants more anes than Rin “celled 
5 aa (1), and their survival ratio in the copper-containing plates are not so high as the 
a coe latter. The nature of the treated cells is intermediate between the parent and the 
be i Rp strains, so far as the copper-resistance concerns. The difference in the enzymatic 
hes ‘set up existing among the parent strain, the RNA-treated parent strain, and the 


Ry are not yet clarified. What kind of enzymatic change is caused by the special 
RNA is interesting to know. And this is especially so because the change in question 
is caused only by the RNA fraction from the resistant cells of the same species, 


perhaps of the same strain, and not by the corresponding fraction of other species. 


Summary 


1) Of the seven species of yeast tested, three which do not apparently yield 
ethyl alcohol are inherently more resistant than those which do. The growth habit 
on the copper-containing medium differs according to species. 

4 2) The RNA which increases the viability of S. ellipsotdeus in the copper 
medium, is contained only in the copper-resistant cells of the same species. It is 
i extracted neither from resistant cells of other species so far tested, nor from non- 
resistant cells of S. ellipsoideus itself and some other species. | 
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Different chlorosis types in the leaf and stem of HAydrilla; 
hormone effect in culture solution. 


By Takeshi TAKAOKI* 
mit gh: 7ZueoIEL ML ycHU 3 Chlorosis OMPERTHKCKIE $F Hormone OF * . 


Received September 4, 1952 


When a chlorosed plant is exposed in the sunlight, the chlorophyll formation 
occurs without the supply of nutrients (2,9), and is accelereted by the supply of 
sugar (8), peptone or asparagine (1). But Heitz (4) reported that the chloroplast. 
‘formation of Fumaria occurred in the dark without the supply of sugar. 


The present author made a trial by adding growth hormone in the culture | 


solution of Hydrilla to see whether it would also accelerate chlorosis as it did the 


dark elongation (3), and how it would act on the chlorophyll formation after having | 


been exposed to the sunlight. This is the parallel observation with that of etiolation 
which has already been reported (3). To the coworkers, Profs. Y. Fukuda and T. 
Fujita, the present author expresses his sincere gratitude. 


Metrial and Method ‘ 


In the summer of 1950 and ’51 the tips of Hydrilla verticillata Casp. were cut 
4cm in length from the apparently recognizable upper-most internode. These 
samples were inserted 3cm deep in the sand bed in cylindrical porcelain pots which 
were 18cm in diameter and 20cm in height and were filled with well-water. 

For the determination of the diameter of chloroplasts, 100~200 chloroplasts of 
each sample were measured, and the average of 3~5 samples is demonstrated in this. 

“text. As the, synthesized growth hormone potassium a-naphthalene acetate was used. 


Experimental Results 


The Process of Chlorosis in the Leaf. 


The changes of diameter of chloroplast :—In the process of chlorosis in the leaf 
chloroplasts do not vanish, but somewhat shrink and discolor. In the closed terminal 
-pud chlorosis hardly occurs. On Oct. 27 each tube with a cut shoot (1 cm in length) 
was filled with 25cc hormone solution and was darkened. After 17 days’ dark- 
treatment the diameter of chloroplast of the 4th leaf from the base was measured, 


and the result was as follows: 


* The Botanical Institute, Faculty of Science, University of Hiroshima. 
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In the light In the dark 


“ONAL Ditf 
; : At the After Shirinksce At the Darkened | Shrinkage ; 
beginning 17 days beginning | for 17 days 
(¥) () % () (e) % % 
4,94, 4.65 5.9 5.05 4.43 122 6.3 
5.42 4.90 9.5 5.49 4.65 15.3 5.8 
5.36 4.80 10.4 5: 2AN 3.84 26.8 16.4 
5.28 3.88 26.5 rai 3.25 38.1 11.6 
5.21 3.62 30.5 5.42 3.00 44,7 14.2 


y Under this condition, in ordinary water chloroplast shrank about 6% even ir 
the light, but in the dark the amount of shrinkage reached to 12%. By the additior 
of artificial hormone the degree of shrinkage increased remarkably according to the 
increase of its concentration. 

The changes of chloroplast number :—The number of chloroplasts found in 106 
square pf is as follows: 


Conn Cog In the light In the dark 
| a-NAA 
in cult. At the After Decreased | At the After Decreased 
_ solut. || beginning | 17 days % beginning | 17 days MS 
Lae ale Es 8 8 0.964. 13.4 1.037 0.993 4.2 
10-8 1.112 0.796 28.5 0.959 0.816 14.9 
ee La-2 1.036 0.712 31.2 0.962 VET I 25.2 
get 2057 8 1.080 — 0.661 388 | 1.036 0.639 38.3 
P0760 0.950 0.552 41.9 0.990 0.597 39.7 


In the samples without hormone, the decrease of chloroplast, in its distribution 
number, is due to the growth of leaf whose growth ratio is larger than that of the 
_ Propagation of chloroplasts. Hormone, in proportion to its concentration, stimulate: 
& the enlargement of leaf breadth, resulting in the greater decrease of the chloroplas: 
_ distribution- number. This eagle is more. distinct in the e than in tne dark 


i. ne | The Recovery of Chlorosis. 

ae Chloroplast of the leaf :—By dark treatment the chloroplast in the leaf does no 
_ vanish though in stem it does, but in each case its chlorophyll decomposes. Th 
_ chlorosed Hydrilla shoots which were darkened during Sept. 26~ Oct. 14 were exposec 


; in the light afterwards, and their chloroplasts recovered from chlorosis after 8 day 
a in culture solution with nutrient. The result is as follows: 
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: “ At the beginning ie 8 days’ Size deviation 3) 
Pee ner of recapitulation recapitulation of plastids rs 
Water only - 3.445 (100%) 2.405 (69.8%) —30.2% ; 
y Hormone 5x 10-6 3.233 (100%) 2.091 (63.4%) —36.6% 
; Glucose 10% 3.925 (100%) 3.285 (83.4%) —16.6% i 
Knop’s solution | 4.180 (100%) 4.720 (113 %) +13.6% 


In spite of 8 days’ reexposure the chloroplast does not recover in pure water. If 
hormone is given the recovery is more difficult, but only Knop’s solution is effective. 
Chloroplast of the stem:—In the upper part of the internode where cell division 
is going on vigorously, chlorosis hardly occurs just as in the leaf of the terminal 
bud. The addition of hormone accelerates chlorosis in the stem as in the leaf. The 


7. e”)6h Of 


chloroplasts in the internode cells disappeared on account of the dark treatment of | 
Sept. 26~Oct. 13, and active Brown’s movement of particles was observed in the 
plasm. The recovery of chloroplast after the exposure in the sunlight is as follows — 


(Table and Fig. 1): 


The diameter of chloroplast of stem 


Days after the exposure in the sunlight | 0 | 10 | 17 yo 


| Chlorosed plant | Op | 419 p. | 4.82 
_, Check plant | 3.95 p. —_ 5.42 pu. 
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Plastids of the etiolat- Recapitulation after 10 Recapitulation after 17 Chloroplasts in the 
ed stem. days’ exposure in the days’ exposure in the check plant. a 
light. light. a 
Fig. 1. The recapitulation of the chloroplast in the stem under the sunlight:—After 17 
days’ dark treatment the chloroplasts of the stem vanished (illustrated on the left side) and 
after the reexpOsure in the sunlight they recapitulated their normality so much that they almost 
looked like the check plant (on the right side). 


\ 


When exposed to the sunlight the chloroplasts in the internode cells which had 
disappeared after dark treatment reappeared. 
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Conclusion 


Michael (6) reports that the first symptom of chlorosis is the collapse of protein 
substance caused by oxydation, and the second the decomposition of chlorophyll itself. 
But the present author recognizes that the phenomena of the chlorose in Aydrilla 
are not the same on the stem and on the leaf. The chlorosis of the leaf is chiefly 
the fading of chloroplast resulted from the decomposition of chlorophyll. On the — 
leaf the shrinkage—not the disappearance—of chloroplasts is observed in the dark 
and it continues even when it is checked by the supply of nutrient as Palladin (8) 
and Artari (1) reported. By the reexposure in the light, chlorophyll production and ~ 
carbon assimilation take place. As the result of such recovery the nutrient needed 
for the pasuery of etiolation is supplied in the leaf itself (3). And then the chloro- 
plast resumes its normal size. On the stem the chloroplast disappears by the dark 
treatment although it recapitulates its normal size by the reexposure in the sunlight 
after the dark treatment. Although plastids can not be divided morphologically or — 
chemically in two, namely chloroplast origin and amyloplast origin as Noack observed 
in Elodea (7), these two types of chlorosis may be 1) the true chloroplast type: the 
chloroplast of the leaf having been differentiated as the organ of carbon assimilation, 
and 2) the amyloplast type: the chloroplast of the stem having been differentiated 


as the reserve plastid—leucoplast but containing chlorophyll which had been composed 


under the sunlight. As nutrient is more consumed for cell growth by hormone 
action, hormone accelerates chlorosis by decreasing the size of plastids not only in the ~ 


stem but also in the leaf. So that the decomposition of chlorophyll is related to the 


deficiency of light and not to the hormone action. 


Summary 


1. In Aydrilla the chloroplast of the leaf shrinks by dark-breaument. but does 
not disappear. 

2. The addition of artificial hormone makes the chloroplast in the leaf shrink 
more than the control both in the light and in the dark owing to the accelerating 
effect of hormone on the consumption of nutrient for growth. 

3. The degree of shrinkage of chloroplast in the leaf effected by hormone is 
proportional to the hormone concentration within the experienced range of 10-8~10-5. 

4. The chloroplast number in unit area is inversely proportional to the hormone 
concentration 10-8~10-5, 

5. When the chloroplast of the leaf which has shrunk by etiolation is exposed é 
in the light it does not immediately recover its normal size but shrinks more for a 
while. ; : 

6. The nutrient supplied by the photosynthesis of the chlorophyll which has 


recovered from chlorosis after the reexposure in the sun causes the recovery of the 
normal size of chloroplasts. 
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vi - The nutrient given in solution keeps chloroplast from shrinking and helps to 
maintain its size. ; = 
8. On the stem the shrinkage of chloroplast in chlorosis proceeds until the 
chloroplast vanishes. 
9. The recovery of chlorosis in the stem by the exposure in the light, appears 
to be the recapitulation ‘of the size of chloroplast. 
10. The chloroplasts in the leaf and in the stem are divided in two types, that 


is, the true chloroplast type in the leaf and the amyloplast type in the stem. 
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Karyotaxonomy in Poaceae I. 


Chromosomes and taxonomic relations in 
some Japanese grasses.” 
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Introduction 


hitherto been reported in about 130 species. Few studies concerning chromosome 
‘ morphology and behavior have been caried out in Japanese grasses, except in the 
Beas a, 

cultivated plants. In Europe and the United States, various investigators (Avdulov 


1941; etc.) have made cytological studies concerning both the morphology and the 


. ? are comparatively few. Still less work has been done along such lines in Japanese © 


ie . ‘material; the studies of the Setaria by Kisimoto (1938) and of Oryzeae by Hirayosi 


Japanese grasses and considering their taxonomic relationships from the karyotypic 
standpoint. A part of the results of these investigations is reported in this paper. 


Material and Methods 


. All the materials used are plants found in the fields. The localities where they 
were obtained are Musasisakai, Kobotoketoge, Suginami, Koremasa and Meguro in 


i es Paraffin sections were cut at 10-15 micra and Newton’s gentian violet. method was 


used for staining. All the figures were drawn with an Abbe drawing apparatus at 


ay) a magnification of 20100. The expression of ie karyotypes is based on Sinoto’s 
_ method (1944). 


Me ~ Of some 290 species of Poaceae found in Japan, the chromosome numbers have | 


(1987) are the chief examples. The present authors are studying the karyotypes of — 


Somes Tolevo, and Kirigamine and Simosuwa in Nagano. Collections were made mostly in © 
July and August, 1952. Karyotype studies were made throughout on ‘the root-tip — 
Ru we cells, which were fixed directly in the field. Navashin’s solution was used in fixation. 


mat Gontuibutions’ from the Division of Morphology, Biology Department, Faculty of Science, Tokyo 
Metropolitan University No. 6. i 


Se 


Si 1931, 1933; Krishnaswami 1940; Hunter 1934; Armstrong 1937; Stebbins and Love 


_ behavior of the chromosomes in various species, but karyotype studies in this family 
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3 Observations 


1) Brachypodium sylvaticum Beauv. (Ezoyamakamojigusa) Fig. 4. 
. B. sylvaticum Beauv. var. miiserum Koidz. (Yamakamojigusa) Fig. 5. me 
In both species nineteen chromosomes are found, rather small in size, and in f 
general with median or submedian constrictions. : 
2) Agropyron Turczaninovit Drob. var. tenuisetum Ohwi. (Inukamojigusa) Fig. 1. 
-Twenty-eight chromosomes are found, and the chromosomes are comparatively- 
large, like those of the other Agyropyron, one of the chromosomes having a satellite. 
Avdulov (1931) reports the chromosome number of A. Gmelini to be 2n=14, and at — 
present A. Gmelini is considered as a synonym of A. Turczaninovit. 
38) Bromus remotiflorus Ohwi. (Kitunegaya) Fig. 2. 
B. catharticus Vahl. (Inumugi) Fig. 3. 
In the former, fourteen chromosomes are found; and in the latter, forty-two. : 
The chromosomes of both species are large, those of the former being a little more’ Pl ee 


larger. B. catharticus, which is called “Inumugi” in Japan, is also ascribed to B. 
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Figs. 1-8. Somatic chromosomes. . Fig. 1. Agropyron Turczaninovii var. tenuisetum. Fig. Ms 

2. Bromus remotiflorus. Fig. 3. B. catharticus, Fig. 4. Brachypodium sylvaticum. Fig. 5. B. oe 


sylvaticum var. miserum. Fig. 6. Festuca extremiorientalis. Fig. 7. Trisetum bifidum. Fig. 8. 
T. sibiricum. 
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~ Sacciolepis angusta ( Trin.) Stapf. 
(Numerigusa) 


Paspalum Thunber git Kunth. 
(Suzumenohie) 


Pennisetum alopeculoides Spreng. 
(Tikarasiba) 


Cymbopogon tortilis var. Goeringii 
Hand-Mazz. (Suzumekarukaya) 


Eccoilopus cotlifer A. Camus. 
(Aburasusuki) 


Microstegium vimineum var. 
polystachyum Ohwi. (Asiboso) 


Hemarthria japonica Roschev. 
(Usinosippei) 


unioloides. 
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18 


40 


18 


20 


40 


40 


18 


Musdsisakai 
Musasisakai 
Suginami 
Musasisakai 
Musasisakai 
Suginami 


Suginami 


Ohwi named this plant B. catharticus. 


cytologically by Stebbins and Tobgy (1944). 
polyploids are found in some species, and also in B. catharticus, Moriya and Kondo 
(1950; as B. unioloides) report n=14 (i.e. tetraploid), while the authors’ observation 
and a counting by Oinuma (1952; as B. unioloides) reveal it to be hexaploid. 
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24, 

23 10 
28a, b 
29a,b 10 
30 

32 


Sa) Bien o, 


Moriya et Kondo 1950 


Moriya et Kondo 1950 
(as C. Goeringii) 


Moriya et Kondo 1950 
(as Rottboellia japonica) 


21 


B. catharticus was. studied 


In the genus Bromus, intraspecific 


4) Festuca extremiorientalis Ohwi. (Ootobosigara) Fig. 6. 


Twenty-eight chromosomes are found, and the chromosomes show sizes similar 


to those of Lolium, Agropyron, etc. 


Figs. 9-17. Somatic chromosomes. 
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Fig. 9. Eleusine indica. Fig. 10. Sporobolus elongatus. 


Fig. 11. S. japonicus. Fig. 12. Muhlenbergia Hugelii. Fig. 13. M. japonica. Fig. 14. Stipa 
extremiorientalis. Fig. 15. Eragrostis megastachya, Fig. 16. E. pilosa. Fig. 17. E. multicaulis. 
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5) Eragrostis pilosa Beauv. (Ooniwahokori) Fig. 16. 
E. megastachya Link. (Suzumegaya) Fig. 15. 
E. multicaulis Steud. (Niwahokori) Fig. 17. . 

In all of these three species, forty chromosomes are found, and the chromosomes 
are all small and V-shaped in general. In E. megastachya, there is one pair of 
chromosomes which have closely attached satellites, giving the effect of a secondary 
constriction. 

6) Eleusine indica Gaert. (Ohisiba) Fig. 9. 

Eighteen chromosomes are found. The chromosomes are small in size and 
-resemble those of Evragyostis. ‘This species is considered to be an ancestor of FE. 
coracana Gaert. (Sikokubie), which has thirty-six chromosomes. 

7) Muhlenbergia japonica Steud. (Nezumigaya) Fig. 13. 

M. Hugelit Trin. (Oonezumigaya) Fig. 12. 

In both species forty-two chromosomes of smaller size are found. The chromo- 

; ‘somes of M. Hugelii are so much smaller than those of M. japonica that correct | 
counting is difficult. | 
. 8) Sporobolus élongatus R. Broun. (Nezuminoo) Fig. 10. 

S. japonicus (Steud.) Maxim. (Higesiba) Fig. 11. 
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Figs. 18-22b. Somatic chromosomes. Fig. 18. Polypogon fugax. Fig. 19. Calamagrostis 

; _ longiseta. Fig. 20. C. Pseudo-Phragmites. Fig. 21. Agrostis palustris. Fig. 22a. Alopecurus — 

3 aequalis a4 amurensis. Fig. 22b. Schematic representation of the karyotype of the same species. : 

a eatin . 

baa a, In SPS FRETeR. Gir typi small chromosomes are found, and in the latter, forty. 

4 ti Pras 9) Stipa extremiorientalis Hara. (Hanegaya) Fig. 14. mea 

‘ei Twenty-four chromosomes are observed. The chromosomes are small, but larg 
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than those of Muhlenbergia and as long as those of Sporobolus. One pair having 
~ small and elongated satellites is observed. This species was formerly ascrived to-S. 
sibirica var. effusa Maxim. S. sibirica also has the chromosome number 2n—24 
(Avdulov 1928). - 

10) Tvisetum bifidum Ohwi. (Kaniturigusa) Fig. 7. 

T. sibiricum Rupr. (Tisimakanituri) Fig. 8. 

In the former, twenty-eight chromosomes are found, and in the latter, fourteen. 
These chromosomes are comparatively large. Two varieties of 7. bifidum are found 
in Japan; ie. var. macranthum and var. papillosum. The latter was used for the 
present observations. | 

11) Agrostis palustris Hudson. (Konukagusa) Fig. 21. 

Forty-two chromosomes are found. The chromosomes of Agvostis, Calamagrostis, 
Polypogon, Alopecurus, etc. all show polypoidy of b=7, and generally the sizes of 
their chromosomes are the same. 


aa 


12) Calamagrostis Pseudo-Phragmites Koeler. .(Hossugaya) Fig. 20. 
C. longiseta Hack.. (Higenogariyasu) Fig. 19. 
In both species twenty-eight chromosomes are found. The long chromosomes of i 
C. longiseta are mostly V-shaped, but some are J-shaped. The junior author also 
observed the chromosomes of C. arundinacea Roth., and its number was ca. fifty-six. 4 M a 
C. arundinacea has been reported to have 2n=28 by Avdulov (1931) (cf. Nygren 
1946). As C. arundinacea is very polytypic, intraspecific polyploidy can be expected. 
The material for the present observation is var. robusta Nakai (Oosaitogaya). | 
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Figs. 23-28b. Somatic chromosomes. Fig. 23. Paspalum Thunbergii. Fig. 24. Sassiolepis 
angusta, Fig. 25. Setaria chondrachne. Fig. 26. Digitaria Ischaemum var. asiatica. Fig. 27a. . 
D. chinensis. Fig. 27b. Schematic representation of the karyotype of the same species. Fig. 
28a. Pennisetum alopeculoides. Fig. 28b. Schematic representation of the karyotype of the 
same species. 
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13) Polypogon fugax Steud. (Hiegaeri) Fig. 18. : 
cy Forty-two chromosomes are found. This species is also called P. Higegaweri — 
oe Steud., but according to Ohwi (1941) this plant is P. fugax. 

14) Alopecurus aequalis Sobol. var. amurensis Ohwi. (Suzumenoteppo) Fig. 22a, b, 


* . _ The karyotype is as follows: 
ee K=1U=4A"-+2As4 249" 4+ 4 AR 4 tA 
es 15) Digitaria chinensis Hornem. (Komehisiba) Fig. 27a, b. = 


D. Ischaemum Muhl. var. asiatica Ohwi. (Akimehisiba) Fig. 26. 
In the former, eighteen chromosomes are observed, and in the latter, thirty-six. 


_ The karyotype of D. chinensis is as follows: 
Si K=18=2A"+2As" + 4B? + 4B3'+ 2C?" + 2'C,+2C? 


The chromosomes of D. Ischaemum var. asiatica are mostly V-shaped, a few of 


A ° 
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them being J-shaped. In D. Ischaemum var. asiatica satellites were not observed. 


Oe 


et 


The authors also observed the chromosomes of D. adscendens Henr. which bears a 


remarkable resemblance to D. chinensis in the external morphology. ‘This species 


ay 
‘ ‘ has the chromosome number 2n=ca. 54. 

Mi 16) Setaria chondrachne Honda. (Inuawa) Fig. 25. 

R i Thirty-eight chromosomes are observed; these are small and generally V-shaped. 
a 17) Sacciolepis angusta (Trin.) Stapf. (Numerigusa) Fig. 24. 

E ee Eighteen chromosomes are observed, and their sizes are similar to those of the 
ae - other genera of Trib. Paniceae. 

2 18) Paspalum Thunbergit Kunth. (Suzumenohie) Fig. 23. 

i ae Forty small chromosomes are observed. 
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19) Pennisetum alopeculoides Spreng. (Tikarasiba) Fig. 28a, b. 
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Figs. 29a-32. Somatic chromosomes. Fig. 29a. Cymbopogon tortilis var. Goeringii. Fig d 
2b. Schematic representation of the karyotype of the same species. Fig. 30. Rotodopie | 
collifer. Fig. 31a. Hemarthria japonica. Fig. 31b. Schematic representation of the karyotype 
ei of the same species. Fig. 32. Microstegium vimineum var. polystachyum, . 
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Z Eighteen chromosomes are found. Its chromosomes are alike in size; one pair 

is J-shaped, and the others are all V-shaped. ; 

; 20) Cymbopogon tortilis Hitchc. var. Goeringit Hand-Mazz. (Suzumekarukaya) 
Fig. 29a, b. 

The karyotype of this species is as follows: 


K=20=2'A" + 2AP'+ 2B" + 2C? + 2C}'4+ 2D? + 2D? + 2EY + 4B? 


21) LEccoilopus cotlifer A. Camus. (Aburasusuki) Fig. 30. 

Forty chromosomes are found. The chromosomes are small, but rather larger 
than those of the other species of Trib. Andropogoneae. 

22) Microstegium vimineum A. Camus. var. polystachyum Ohwi. (Asiboso) Fig. 32. 

The authors’ observations are usually 2n=40, but rarely 2n=42 or 44. This 
plant propagates by creeping roots as well as by sexual reproduction. For this reason 
the occurrence of aneuploidy can be expected. Its chromosomes are small, and there 
is one pair having a long secondary constriction like a satellite. 

23) Hemarthria japonica Roshev. CUsinosippei) Fig. 31a, b. 

The chromosomes are relatively large, as compared with other species in Trib. 
Andropogoneae. Its karyotype is as follows: 


K=18=4A™ + 2Bi"+ 2By + 2Cj" + 2G; + 2C3'+ 4D” 


Discussion 


! 


The genus Brachypodium is placed at present in a subtribe of Trib. Hordeeae, 
but formerly it was included in Trib. Festuceae. ‘The chromosomes of the genus 


Brachypodium show a great difference from those of the remaining Trib. Hordeeae. 


Nevski divides this tribe into seven subtribes, but their chromosomes, excluding those 
of Subtrib. Brachypodiinae, are large and all show polyploidy of b=7. The chromo- 
somes of Brachypodium are small and their basic number is not -clear because of 


the divergence of the numbers. On the other hand, O. Holmberg (1926) includes the | 


genus Bromus with Brachypodium in Subtrib. Brachypodiinae. ‘The authors cannot 
_ agree with this grouping, on the basis of the large size of Bromus chromosomes. 
Avdulov (1931) has proposed to group the genus Brachypodium with the Phragmiti- 
formes of Subfam. Sacchariferae, although Avdulov’s Phragmitiformes is a miscel- 
laneous group. But it is dangerous to decide its placing by the chromosomal char- 


acteristics alone. The placing of the genus Brachypodium must depend on further 


investigations. 
Ohwi (1941) points out that the difference between Trib. Agrostideae and Trib. 
Aveneae lies only in the numbers of florets of their spikelets and that they are 


related to each other. The chromosome numbers of Trib. Aveneae generally show 


polyploidy of b=7, and in Trib. Agrostideae, except Phleum echinatum, no number 
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Neeihle each other in their chromosome sizes. - Ohwi’s opinion is thus supported 


‘ ‘ from a cytological point of view. ‘ 4 
Pie ‘Agrostis, Calamagrostis, Polypogon, Sporobolus, Alopecurus, Muhlenbersia, Stipa, 4 
ane etc. were formerly included together in Trib. Agrostideae. Sporobolus, Stipa, Muhlen- i 
> bergia, etc. are separated from it at present and also Honda (1930) makes an in- ~ 

7 


xi . dependent tribe of the genera Alopecurus and Phleum. The chromosomes of the — 
PEN genera Stipa, Muhlenbergia, etc. are clearly different from those of Agrostis, 
ii Calamagrostis, Alopecurus, Polypogon, etc. It seems to be right from the cytological 
at point of view that the genus Stipa, with the other genera, should be grouped into 
fe an independent tribe at present by Roshevitz, C. E. Hubbard, etc. u 
‘ The genus Digitaria is distributed over the world (mainly the tropical part) and 


presents many taxonomical difficulties, In Japanese Digitaria, also, different scientific 


, - names are brought forward by various investigators and unification is lacking. It : 
te is difficult sometimes to differenciate between poor individuals of “Mehisiba”, i.e. . 
e Digitaria adscendens, which we find everywhere in Japan, and “ Komehisiba”, i.e. D.  — 
ee chinensis. The authors’ observations show, however, that there is a difference in 
~ chromosome number between the two species. That is, “ Mehisiba” has the number 
-2n=ca.54, but the number of D. chinensis is 2n=18. ‘Mehisiba” was formerly % 
tdasccibed to D. sanguinalis. The difference between D. adscendens and D. sanguinalis 

_ depends on the size and shape of their spikelets (Nash), but Tuyama (1942) points 
eet iG” ie 


iF “out that this definition is not always applicable: and there are many species which 


ie ce assy. The authors believe that Siegel can be made in this group to some 
extent from a chromosomal study. 

aye meats Beene as well as aes belongs to Subtrib. Panicinae. Japanese 

All of the species hitherto reported in Setaria 

are included in the Sect. Sctarioiybus and show ealaits of b=9. S. chondrachne 


creeping roots. The chromosome number, i.e. 2n=38, which is reported by the 
ie 

4 _ authors, is considered to be a consequence of aneuploidy and not to indicate a 
difference in the basic number. 


Summary 


The chromosome numbers and morphologies were studied in 32 species of Japa- 


MY ne a " Bragrostis, Eleusine, Muhlenbergia, Sporobolus, Stipa, Trisetum, ks Calamagro- — 
Nis $i stis, Polypogon, Alopecurus, Digitaria, Setaria, Paspalum, Pennisetum, Cymbopogon, a 
' i _Eccotilopus, Microstegium, Hemarthria (Table 1). The taxonomic placing of the 

: genus Brachypodium was considered, as well as the systematical relations between _ 


er ee re 


pd ds New Vir. ve 


a Oinuma, T. 1952. Karyomorphology of cereals X. La Kromosomo 12-13: 467-474. 


, 


Muhlenbergia, etc. a karyotaxonomical point of view of the genus Digitaria was 
_ mentioned. 


Moriya, A. and Kondo, A. 1950. Cytological studies of forage plants, I. Grasses. Jap. ure Cen, 2a 
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é * 


Trib. (Agrostidece and Trib. avai. Trib. Agvostideae and the genera Stiba;. 
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and T. Takemaru for their kindness during the course of the present investigations. 


Literature cited 


Darlington, C.D. and Janaki Ammal, E. K. 1945. Chromosome Atlas of Cultivated Plants. London. 
Honda, M. 1930. Monographia Poacearum Japonicarum. Tokyo. 
Kishimoto, E. 1939. Chromosomenzahlen in den Gattungen Panicum und Setaria I. Cytologia 9: 


23-27. 
Krishnaswamy, N. 1940. Untersuchungen zur Cytologie und Systematik der Gramineen. Beih. Bot. as 
Zbl. 60: 1-56. . 


25: 126-131. 

Nyeren, A. 1946. The genesis of some Scandinavian species of Calamagrostis. Hereditas 32: 131- 262. 

Ohwi, J. 1941. The Trib. Agrosteae of Japan, excluding the genus Calamagrostis. Bot. Mag. 
Tokyo. 55: 350-362. é: 

———— 1941. The Trib. Sporoboleae in Japan. Bot. Mag. Tokyo. 55: 393-398. 
1941. An account of the Trib. Eragrosteae of Japan. I. II. Bot. Mag. Tokyo: 56: 274- 
280 ; 309-313. 
1941. Gramina Japonica I. IJ. Acta Phytotax. Geobot. 10: 94-135; 261-274. 
1942. Gramina Japonica III. IV. Acta Phytotax. Geobot. 11: 27-56; 145-193. 


Stebbins, G. L., Jr. 1950. Variation and Evolution in Plants. New York. Vale, 


and Love, R.M. 1941. A cytological study of forage grasses. Amer. Jour. Bot. 28: > 


371-382. 


we HOD FH bB 


B i 6H KARMO MALI ATICO CP? 
- ; 
aia 
"Aaa HE va , 

Be 

‘ a3 ; ‘ Tomoe OINUMA: Karyomorphology of Cereals. WI. Geographical 


distribution of karyotypes in barley varieties. 


—— 


1951 42 12 A O8 Heft 
Fe 


_. POUR (SN, SOMOS, TORMMEMRDW OMISNT 
Bio. LD LAA ESMIMS KR EMORWLIAF SLOT, M—MPNCKE (OD Be EE 

‘ LIEAMEHCH So KKBMBEOE 5 125. a ATE SS RE (FIORTWRW S FH 

ESIC KAOBMC OS, COAL, itis MOOR, T=[OMA LAG Licg AMT NS 

DERE D Hn 7 DAA 2ARS PD HWAGDAE, DAE CRIRARO ERIN DE—-=LO Fd, Ze HM rh 

— ALPSLOTHS. 


Dill 


‘ ' > 
ee ee 


oS oie | w#eHRU & B 
ties ADCS OTR, BPAEKZE 12, AEAAE 74 Bat 86 OBES TILAEE (SREB IO) BE 
bir, | | 
4 dies KBNK ajay, ards, agag, aay, RU! asas D5 ODBMIDHSX EIT CRE LEES 
— BTCHSo FING OPM I~V CRS) Lb, UL KART S LKOM. CBS (Table 1), 
| ERE OMMABMOMBIEL DADE 5 IAL TOS (Table 2, Fig. Dy | 

LH EOKRRUMEE D, HI My oH UWS CUAIK  —BN eS SL b, a IV 


a) BOM; V @l& Hindu-Kush Ol RHW AL, BLE C ia ev 7 CBSE LRP ERE 
ix LS beh Se 


‘ 


ee 


aD 


Fe | = 
to Vavilov (1928) (22088 (F%DRUNCBS L, FAVOR AML ts, CICK SE, 1) Bet 
— BURT OS (RAT SM, 2) MAWBRKOMD, ZOMMORAUCH ZL v5.5 Vavilov 
=4 RAED ROU He IGUAL, FE CK) KO LU HEBT 7 9» (Ethiopia RU Erythraea) 
RDI. | Ya 
CUE LIL EME TEL ROS OMAR, HLF, O/B BMI & D, Ke 
ieee TAML, 2 OMIM zis P OR EOS Ee ae 


¥ 


ps) ee 
1) AILERON EHE No. 16. 
\ an 


ae 2) MAPRRiCL Sw. PMR 47045. 


Bot. Mag. Tokyo, Vol. 66, No. 775—776 ; 29 


Table 1. Table of barley varieties used in this study. 


S| eee 
Variety Row Loc. , ee s Variety Row Loc. Eo 
Mochimugi 6 | Japan II || 273| Hakubai 6 | Japan Il 
Mochimugi 6 ” II | 289} Hosomugi 6 ” I eS 
Sangatsuko No. 1 6| 9 II | 293] Makashi Tanikaze 6\ on" Il 4 
Marumi No. 16 -6| 4 I | 301] Himalaya Nijé 2/China ~| I i 
Wase Rokkaku 6] - II | 302| Mochimugi 6 | Japan I 
Hosogara No. 2 Gna? I | 303) Mochimugi 6 " I 
Sangatsu 6 ” II | 304) Tschermak 2 | Europe I 
Aizu No. 2 Oe a II | 305} Russian No. 3 2 | Russia I i 
Sekitori No. 3 6 ” II | 306] H.E.S. No. 3649 2 | Hindu-Kush| V a 
Goseshikoku 6 I | 307] Wase Bozu 6 | Japan IL by 
Golden Melon Sai No.1] 2} 9» II | 308] Australian chevallier 2 | Australia I s Be, 
Hozoroi 6] w Il || 309| H. agriocrithon Cwild) 6 | China Lie q 
Rokkaku No. 1 6) om Il | 310| A. Gussoneanum(wild,4x) 2) USA. TED) ae 
Wase Golden Melon 2| « Il 311} A. murinum (wild, 4x)! 2) 9» TE oe f 
Kosaba No. 1 cet? I || 312) A. pusillum (wild) Pa sn Il Re 
Bohmia No. 3 2 | Europe I |/313] Chinko No. 83 6 | Japan I ee: 
Russian No. 3 2 | Russia I || 314) Chikurin 6 " Ill or 
Russian No. 50 ei y IL ||315| Bozu Mochi 6) " I x 
Plumage Gerste 2 | Sweden I || 316] Bozu omugi Bu Gial pea? 2G i 
American No. 4 6 | U.S.A. I | 317| Teisen No. 5 6 | Korea Til 
American .No. 3 6 ” ; I | 318} Somugi , 6 " I 
American No. 10 6| w# I |319| Rokkaku ape ate 6) « I 
American Standard Goa I | 320| Taikokwang-Shukakyo 6 | China Il 
Harbin Nijo 2 | Manchuria | II | 321| Hakusha-Taiya 6) +4 Ill 
Frederickson 2 | Europe II || 322| Shanghai MI nude 6 ” Il 
Goldthorpe ai 4 II | 323| Shdso elevated hood a iat Pave Ill i 
Chile chevallier 2 | Chile I | 324] H.E.S. No. 3649 2) Hindu-Kush| V| = 
Denmarkkenia 2 | Denmark I || 325| var. nigricans 2 | Afghanistan]. I |» — 
Hakata No. 2 2) Japan III || 326| France No. 1 6'| Europe) snl. ee . ; 
Australian chevallier 2 | Australia I || 327] var. erectum 2 " I 
ye } 6 | Manchuria | I |/3298|] Tammi 6| Finland — | III 
Shin Ebis No. 16 2| Japan II || 329| Russian No. 7 2 | Russia VI 
H. E.S. No. 39 6 | Hindu-Kush} II |339| Russian No. 54 6 ” I 
-H.E.S. No. 33 6 # II | 331] Russian No. 80 oa or uF 
H.E.S. No. 4 Gales: II || 332| Mammute 6 | Canada 5 he ar 
H. Eeor No: 2 2 " I || 333) A. spomoners een 2 | Persia I 
var. ischnatherum (wild) 
H.E.S. No. 3649 ieee SINE Pan aan pid 9 | Mesopo- | 
J—50 6 | Manchuria | IT var. ischnatherum (wild) tama) 
BE. P;No. 73 6 | Tibet Ill | 335| H. spontaneum 2 | Afghanistan| I 
Koshurei Gal 6 | Manchuria | I var. bactrianum (wild) 
Karafuto Marumi No.1) 6 | Japan I oe BS pm a ter (wild) ‘ f ' : 
Bozu No. 1 hii TI} 937) var. Nudideficiens 2 | Europe Th 
Barbless 6 | Europe | I 338] Russian No. 79 | -2'| Russia | 
sie nsupioanmild| | e851 | 341| H. brachyantherum HS) 2 | usa, | I 
A apontancan Bl Persia I 342| H. nodosum (wild 4x) 2 | Europe Il 
var. euspontaneum (wild) 343 | Teishii hood 6 | China Ill 


Table 2, Distribution. ie karyotypes in the eee Hordeum. To 
‘ ( * denotes the wild barley) in. 


a aay Seinelet 3 Karyotype 
. I Leeper IV 
Jou a Ae Ge alae ce 
Korea z 4 4 ; : 
| Manchuria i ’ : ; * Q l 
| Ai | chin Ae sigtc rea Ae es 
Hindu-Kush 2 i j ; * : 3 
; Near East ee g ‘ 2 . 3 
total 22 | 24 9 0 
Russia 7 as ; 
Western Europe 
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Fig. 1. Distribution map of Karyotypes in Hordeum. 


(Parenthesized number denote the number of races, and asterisks show the wild barleys. ) pati 
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me Summary ; 
od 1) Studies of geographical distribution of five karyotypes found in barley 

3 ; varieties, which previously reported by the present author (cf. Oinuma, I. IV, and 

Bs : V), were made in this paper using eighty-six strains of barley varieties. 

. y 2) Distribution of these karyotypes were shown in the table 2 and fig. 1. 
eS ; Judging from these results obtained in this paper, it is an actual fact that the 


districts extending from Hindu-Kush to European-Russia (exactly speaking they may 
rs) probably limitted rather to the former district) has all kinds of the karyotypes found 
% -. in barley varieties. This fact agrees with the hypothesis of “ Genzentrentheorie ” 
i of Vavilov’s and also Takahashi’s theory concerning with the differentiation of 
barleys. In fine, it becomes clear that the study of geographical distribution of 
he karyotypes plays an important role in dissolving the evolution of the plants. 
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Xylose BE CIF HOM | Glucose 
te ae (Glucose z)| M/400 KCN | M/400 NaNg M400. KCN | 

100 £ UT/| OfEFA (%) | OLEH (%) | OTEFA (%) 
Saccharomyces cerevisiae ............... 0 —100 —100 
” Carlsbergensis......... 0 — 90 — 93 
” nef) at) RT Cea 0 —100 —100 
UE CCETR gi) LS 1 RES OR SA is ea 0 —100 —100 — 93. 
COTO SE MERE et aR a 0 —100 —100 
Schizosaccharomyces Pombe ......... 2 —100 — 4 —100 
" octosporus ...... 0 — 89 — 63 —100 
Zygosaccharomyces soja ............... 30 — 36 — 37 —-100 
” SORE oes a rs 0 - — 92 — 65 — 99 
" bisporus ......... 0 — 90 — 85 —100 
" chevalieri ......... Z + 88 — 43 —100 
PISCHIGPIVIEVQ Ep aces Cae cea es 8 + 5 + 77 + 5 
" = membranaefaciens............... 39 +100 aio 
Zygopichia chevalieri.................0... 9 — 95 — 68 — 99 
Wai @ AnOMmal a an, eee J here 14 — 39 + 10 — 74 
TROPA UTS No Ne eae cain coke ak 50 + 73 +177 -— 72 
No ueupr dee ae : Pere slate 29 ae SHS 
Mycotorula japonica ..........ccc.ecceees 80 + 77 — 23 
Rhodotorula sp. ......ccccccsesnsseesneess 46 + 64 — 40 
May COMETINATSD OIE OL ssvesscdgatetisoes 19 + 24 = 33 
AG AOLTICUINGS DY Se Piece hr dees ease os 79 +124 — 62 
US1f 8 NC Re Te a ao 66 + 32 — 22 
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Summary 


It seems to be able to classify yeasts into two groups. The one, which includes 
Saccharomyces, Schizosaccharomyces and Zygosaccharomyces, cannot oxidize xylose and 
its endogenous respiration and glucose oxidation are strongly inhibited by cyanide. 


The other, which includes many other wild yeasts, can oxidize xylose and its endoge- 


‘nous respiration is rather stimulated by cyanide or azide, while its glucose oxidation 


is inhibited by cyanide in lesser extent than the former. Some of the yeasts tested, 


_ however, were found to have medium properties. : 
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Sigeo ISIKAWA: On the light-sensitivity of tobacco seeds. (II). 
A very small dosage of light and the lapse of long time of imbibition. 


1952 44 6 A 4 Haeht 


Raciborski? DRS 4-3 OFFS TNO RN CHESS MFO HL sn 


TOS. PICASA, MAST Be A CK 36 OBS 100 MK C1 PRU 


THEO th OD ASF ARIE eA ie LL MUI S LC BHUT IRN 2 Ail CBRN 
LIEMETE KC BHTSIL DG Aa OF OWURIE %ICAEL TALI 

FRC BIR CH LW FAL & DCRR LIC HEAR HED BARBIE pee Ge 6A DRECE( Ur 
PAIK E OL 5 HIRED FP LH Lo 


lRRAER MF 


FAAP AK MIROPEO Busha 1 RE AMARCHS, (HALF HM ALD 6 OFS TB 
LUBRER G4 bor, TMV SROs CY ye Ae KR. RAW ROR 
ROBISIHHBHOBSA CS < hI UCH So. 
ARUP ABE ROPRICK DAMABIT KDRONKLOON FROLOXUENLES 
1950 FED LOR 1 KOLOL lJ—C 1951 HAAS ~ hi EMAAR), MEH GE 
Iti) CHS. 


l 2 & ff & 


A. BRAVA 
HS BUR ie BABIN ET GE Uo 
(1) FRR 3~4 THR RS CB WRSBARIC BAL HLT (8 Sez”) (EE 
UC HEAR BE DEG SB ORV BK SE LAOH E (KEW. LOS ERR TAS RHE 


ae 
CHR LBS (10000 MK x 60 sec.) 12 Givice*, BRVRNOBS (1500 MKC —— sec.) 


Moy ac ohare Mh Bre CH 1 B20 | 
(2) BREF COE REED UA & te SPUR ARIG 8 TEL, TEEMEF CAPR 2 BATCH 3 
CEDMMIAROK OC (H1H), TRERORAIC Te SAK O BNE BEAVIS UC A8 Pet 


Ph 2 AIL 3 ACH Bq HIE 2OOMK -C 5) DOWEL HE Ct ABD WATE 


* PRARKZR SPD AAS 


5 de! 


Pa 1# edicws 3 OKIE & BNI A (1500 MK- oo ® ier 3 Re 
(Feb. to Mar., 1952) 


RE Vb de gc aedetg tf 27 ees) Sar pets 
coe) a 2 


i TF 3 8:51.12 29.5 | 39.5 | 42 60 | 71.5 | 41 32 


2 ARE F- AS | 512} 795, Ba FBS ay a rid eee eee ee 


(60%) DEEP PO GM (855%) %AL, HIS 2OMK C44 CE-MKS) Ewot ht 


: 

PIE CH UT (47.5%) EWDORHBERe SK, LOBMSAEH Li nis 1950 AED 

FERAL 5%, 1951 EHEC 0% CHS. MAMLMIOMM CAL RRO 
WES CBS. MAL 27 MOTI CERHEORA TE HW & BDZ BATT 72, 96 HE 

| OBR 10MK “C60 @DIRH LICKED IEARIRK 4 66, 69.59 CHOKE (MOOR 


cial 89-9070) A ane % KtRO OFEBE CHO. 


Be 2 # Fite fh OAT Ic 460 SERA 48 BEE ORS © RRR ic & S RBA 


goa) AE | 1 AL yeaa ee i 
\ ; fa OBE 15 30 60 90 


1500 MK 75.2 74.5 76.7 79.5 


150 | 57.0 50.7 61.5 54.0 


96 °3 # Hs fl OPT 1c oF BREAST 8 HOR OPERA Ic & AER 


ie re a Te ee 
an 25 100 | 200 300 


200 MK 66 62.5 45 35.5 te 
: esa ed ik 515 47.5 ues 115 he ae * 
, 4 
SENGINEAMITLOREO IA FEOZRE 


t me A) SeRABET  BIAE CERRO SAKA 5 FIIS20> HEAD 2 te Wea Lica, 6 AD | 
% ee RUHR PARR. THICKENS AE BURA % AR LIA 4 
7, AAI ACL 6 ALGERIA RL, AHKE LT 30M We ALI, a 2D 7h 
& SIOMKRAE Rd GIVI, HLM ARPA Ld ae ¢ MESO) TE EOD SE TH Ye 
EFS HAMIL & COMO (10000 MK+1 min.) -CeaiseMH 15 HI COEAR ELDER L 
rae CME L, BELEOD LEEORER LORS EPO, fH LENCAR IH (10000 MK 4 
— Smin.) CHR LISSA AERA LAR SH, LDF —SOY IW A> BELL, TEARE 
a (REACHES SBMCERPES, OHMCA1 7, Az 7 MCHA GH, az 2 FETE 5 
ene BOLT LIED. 


2 if 7), 
ey \ ' f . « f aie 


She 
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A 2 FERN T- © LOG ELT ORR O EARP D Hk 
(10000 MK C1 4p /ALR SY L MR OBIS RF) 


Bene 
CB) 1 2 3 4 5 Geeta Sai 10-272} 45 
an fii . : 
~~ ee 
BM Wi 24 V2 552.5: bh 25,59 | eae 79 85.5 | 38.5 | 89.5 0 0 
pe EN TD, 13 53.5 | 89.5 | 60.5 | 81.5 | 79 135 91.5 22.5 
a 0 4.5 | 66.5 | 58.5. | 67 58,5" 1°48'5). (52.5 0 0 


Tea OES 76.5 | 75 76 83 78 88 75 75.5 | 62 8 


(2) SPT SEATS Le UCORAREO HG ¢ te SUI BNELS » HUD WIC SEU EES 
Bo HOS Oi & KW, 
— BRZULRO Xv -~ ECAR BEC ERM ¢, 100~10000 MK SpE -Clk z OFLA 
VBES S. WHROMGM CS, PREC EL Z OBR Ore (, KS Be 
LAUREL LUCHA O SWIMS S, CO MMC UBIO & 0 Bd 
BS, HS #) . 


BOK PEF O EMG EAL EEO ER O HE REMED BE fe (BBE RT) 


i % eK we 
1000 | 100 1500 10000 | 1000 
Tse ieee 

60 60 I 00 60 60 

| 1 24.5 45 1.5 12 3 1 3. 

2 49.5 47.5. | 23.5 39.5 12% 12 1 

3 73.5 °| -735 52.5 49 29.5 365 2 

4 70 68 =| 585 57 39.5 6 15 

5 67 79 615 | 70.5 | 42 45.5 4.5 

6 755 | 735-| 675 | 635.-| 395 || 105 6.5 

7 72.5 765158 75 60 8 45 
8 . 71.5 17.5 58 70 76 85.5 Clan 

10 68.5 76 62 49 Al 6.5 125 

12 71 78 61 57 40 37.5 17 

15 65.5 76.5 50.5 42.5 32 84.5 47.5 

18 72.5 72 59 oe = 19.5 6.5 
20 60 65 65.5 ° | 35 23.5 29.5 11.8 
e i . , 

Tl = pa Penk 


Chloris, Mimulus® , Viscum™, Ocnothera® itRSS ERNURL 


RUTTEN AO, (WH Poa” , Nicotiana, Lythrum© iaorcHLIKG 


Aa 


Ths mes ai: ee wey ata) ot Bisa mA Sc: D2 tor: On ae 
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40 Ae it oo 2 he OO ekg eae 28 


CRHVMSINSLLEAYOCOS. Bt Lehmann® 4° Lythrum Salicaria Chior 


T30HLK.-C a BML C 50% DEH AIES LIRS DEORE (ECHO. GE 


ATHEROAT DICHEB Lie BOS THRE CHS LELO (HR DTC Osee & BRM HY TRB & 
BOLE LC KOTHESUSZLLOMRKUMRCTHA 5 

Crocker® (&%@zepk-C Chloris &O k SCR BRACE ELVRETISLEDE, 2 
NADKFCHd TLE CED SED L CRIMEAD HEME DIES OTHS5 LAL TWSo 
GEO (HA ITEO AM ZMEe LC moi, Bes BUREN COURIER DHE S 
NTBWOTC, FAM Bi Fe pe A DARL ROTHSZOCRESR, ZNEL 
Ci PSNR KO TRECAREHRELBLITSEOLMOTHE CED SLEDLHAHSCE © 


(RHO Oenothera Lamarckiana DRRTC b'WD CH Bo 


(2) SSRI CRM UC ts ¢ LEAR LEDS He SHH “ Dunkelhart” 2°4<¢D 
FBMCH ENS, MAR Viscum, Chloris® , Epilobium?®, Lythrum™, {hhrm>S 
“Dunkelhart ” bWORURDID ONEOMBL SS. HAE Poa”, Mimulus Clk 


KREG FARO BOMBER UTR SUB BHA SAT, PRAIA 


ZO RED IKE 15 ACR FI BRARSE LE DOKL ERAT SR, KEWOHR 
Chest Uc Bice 30~40 BIC EHREOIR FABR>6NEYOR, Mow asacte 
Azté “Dunkelhart” OBR 2H LIE TW RW 


IV 4% ae 
I ANS AOPE ORD AKIO RE EE EOE SICAMEUT HK > ak MS 
HH) 30 AIMOAEeiIBAUTKO® bdvOKK, 
(1) uv, Ker +, V4), 217, APF ORICA AMO RB LSE, tO 
FOR EENK 2~4 TORK Ke CD DAT HIREOMS SWI LILES SR Ceezkeglil 


FES) LRM RAEI LOTK A DUOMERS OB, KAKO & A BURMA 


Fl 3~4, 8,15 HATCH 0, MEF Ce 3, 5,10 HACHS. 
2) EMO AILS OFRVELIERAER ES, TERMWOMAA IK LOT OMT CHE 
SUC S LMR, BOKRAMO RI LICE RE ED PSC FEARS, MIO SPDR 
DOW RESTS. COHREO I & MURA ES Cla 8 AA, SEPM 4~5 8 
ADk5CHS_ 
(3) DERALO RGAE HANS KOCK AGM OD Bo A -w ALDUE BELO BODE 
#AL, AA TMB CMUMEKS, AA, AD THUCRSICON TM MOBI (iD, BCH 


© ANTE CHA ELD 10 FLED FH WB 3 ICES, 


(4) ABI (10000 MK+3 min.) “CHA LIBR SAMA OO BAW AR, 


| BORBALISGL & AVE, 


Tl. [BRINE & XS HLMRVED HUET UR DED nti S CHAS & J, GA UAe Hse CBT 
ARCH YD, HEMEL CER LK(CH 3 


(1) acl Goce FEZFAS 80~85% ) “Cla SEAKIEH] 72 HEN OBS 1500 MK- 55 a 
75%, 150 MK: + PINRIT TC 54% ORIER ETO S, 
(2) BAF Che FFAS 70%) CLIO OIE HURAIGWICD 3 KAN 8 A AIC 
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1500 MK- " PUN UT © Ont Oi FeLE AS % (71.5%), 200 MK-h PPC 62.5%, 200 


MK - 


apg” PC 355% DIB AK 2 ANI. 


AMIE ZMIMMLLOGGOW CH D. MAG REUS, SAME, JETER 
CAR SHEE LARA. 
SNE WBIIS ISK BERD BIN LMC TEAL TS BUT Ee BLUES Tue HEAL AHWR 
OADM EI LIRBO ERK 2 


Résumé 


J. During one month investigations were carried out for changes of the degrees 
of light-sensitivity (represented by germination) of tobacco seeds with the lapse of 
time of imbibition and the following results were obtained. 

(1) In the case of “Daruma”, “Oo-Daruma”, “Hatano”. “Suifu” and “Ko- 
kubu”, increases and decreases of their light sensitivity form repeating waves of 2 
to 4 times with the lapse of time of imbibition (presoaking time). According to the 
degree of after-ripening of the tested seeds and the strains of them, there exist some 


differences in imbibiting time which both maximum and minimum values of light- 


sensitivity can be obtained. In the case of seeds after-ripened for 5 months, the 


largest light-sensitivity are obtained on the 3rd or 4th, 8th and 15th, days of soaking, 
and completely after-ripened seeds show the largest increases of light-sensitivity on 
the 3rd, 5th and 10th days. 

(2) However, light-sensitivity of the seeds of “ Yellow” alone do not show 
repeating wave-like changes but form a gentle ascending and descending slope with 
the lapse of time of imbibition. This way of changing is the same as in seeds of 
certain other plants which has been observed by some investigators up to the present. 
The peak is on the 8th day of soaking, in freshly collected seeds, and 4th or 5th 


day, in completely after-ripened ones. 


(3) Differences between higher points and lower points of the waves described © 


in (1) set forth respectively different features according to the strain. ‘Daruma” 
exhibits the largest differences which is followed by “Suifu”, then “ Hatano”, and 
“Kokubu”, that is to say, the Jast waves have the least uneveness. “Yellow” 
forms only one wave of a mountain-shape as described in (2). 

(4) If seeds were exposed to a large quantity of light such as 104!MK-:3 min. 
(1,800,000 MKS), changes of light-sensitivity exhibit a simple form like “-—” 
wavelike curves can be obtained. 

II. One of the experiments of the present work in which seeds are given a very 


and no 


brief exposure to a very small quantity of light proved that “ Yellow” is extremely 
light-sensitive. Because despite the fact that the values of the time and the light 
quantity of exposure were extraordinary small, however a considerable germination 
percentage could be obtained. Such a small figure was never experienced before. 
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a tn the case of fully ripened Oeis put Yellow”, ” 715% Ag germination can be. 
- obtained by 1,500 lux (MK) x one-ninetieth second and ny %, by 150 hue x One THT eHeL OE 
i Ss second, after 72 hrs. of soaking, in other words it can be obtained by a very brief ; 
_ exposure to light in both cases, (The maximum percentage of germination of this j 

strain of ‘tobacco is 80 to 85) 

1 'N ie - (2) The seeds of “ Yellow” which do not reach full-ripening showed 71.5%, 62.5% 
and 35.5% of germination by 1,500 lux xone-ninetieth seconed, 200 lux xone- hundredth 
m ae and 200 lux xone-threehundredth second respectively on the 8th day of soaking 
: which is the peak day of light-sensitivity. (The maximum germination percentage 
of this strain is 70.) 

_ Thus, even by an extraordinary short exposure to light, we can secure, in this 


Ag kind, about half figures of the maximum germination percentage. In conclusion, the © 
result showed that a very small dosage of light promotes germination. . 
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Koji YANO: On the chromosomes in some mosses III. 


1952 42 7 AOS Hatt 


FEA SER (1952) KERIO 2 le, (Heterophyllium, nee cae ae AGREED UETES 
SLERMELED, WICH Pohlia Mx wArks Hoo Lb, ROWLO LE Thamnium 
—— Sendet PAE RRL LIED CL LICHT S. HT ONG 5 Hh 2 BM ORPIO Hts, 
— AOBURE EFTOLOT, CNHORR 2 bE THR 30 ee 
DIAC OTKMOMA, PEMA 1 RERUKS PPL OIAL EMO PIES HT OB) ais 
LEER TH 2%, PMH OMA ee 1 Y R/O . 


*¥ADOSS i, OMAR. 


| SRR ERMC LB 


** Pim A LE FAM is AD 


3 . 6 1 38 (Table 1) 
Species examined Chromosome formulae Localities Yi 

Bryaceae : 

Pohlia Fauriei Card. 9 n=11=H+h+9 tS SW 

P. elongata Hedw. 9 n=11=H+h+4+9 KAW 

P. longicollis (Sw.) Lindb. 6 n=22=2H+2h+18 HERE UR 

P. nutans Schreb. $ n=22=2H+2h+18 WS BL cba 
Neckeraceae x 

Thamnium Sandei Besch. (monoploid) n=11=H+h+9 i Thi 

— (diploid) 6 n=22=2H+2h+18 mA, 
Thuidiaceae 4 y HAN ee" an 

Boulaya Mittenii (Broth.) Card. n=10=H+h+8 Sb te 
Amblystegiaceae 

Leptodictyum riparium (L.) Warnst. n=10=H+h+8 HET Be 

Cratoneuron filicimum var. japonicum Broth. n=10=H+h+8 Ta BESS Aa 

C. glaucum var. falcatum (Brid.) Jens. n=10=H+h+8 RG ve re Ks 
Sematophyllaceae 

Brotherella Henoni (Dub.) Broth. n=10=H+h+8 4 1u 
Hypnaceae 

 Breidleria arcuata (Lindb.) Loesk. n=10=H+h+8 id 3! en ee 

Rhytidiaceae Spo 

Rhytidium rugosum (Ehrh.) Kindb. n=10=H+h+8 AS BEY 
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: : ae wy 


44 ii ) FR $66 M776 =m 28 FR 1 
a 1. Pohlia ROE PE 
DAU Girie Pohlia Rik 4 CHB, £D5% P, elongata ky P. Fauriet O 
2 FRE WEMEFRETC, P. longicollis kU: P. nutans D 2 HSWEMEFEE CDH So SER OBIS 
© CHEWED 2 HAO n= 11, HEME ERO 2 Hil n=22 Coie pb -ARICI 
HDL ONS ILIKS, ZHEZ TUNE O SEAS HE & AER L DO Yet fROIGHE % LES BL KO 
; Wk CHS, 
. 


ISIC) ota 


; 
; Figs. 1-13. Pohlia jg 4 FE © YE th AR OR eg 
: , (Chromosomes and heteropycnosis of genus Pohlia Studied). x3000. 1-3, P. Fauriei 9°. 


4,5. P. elongata 9. 6-9, P. longicollis 8. 10, 11. P. nutans 6. 12, Fig. 1 PEAR @ Ye fe fk 
(Serial alignment of the chromosomes from F ig. 12)) 13% Fig. 6 Ao fa fk (Serial alignment 
of the chromosomes from Fig. 6.) : 


WEMEREO P. Fauriet &iy P. elongata Clk 

BUS HSABUC HS The ZAR OP Ciz=l ts 
PiOD SNROOT, CLICHE Ut P. Fauriei 

P. Fauriei O11 WO AGRO 5% (Figs. 1 


192 WHER 2 ee Leet, ZO gH 
ACROTEIE & OAS ROT & HPARINS SER 
DEEMED CHS ZB, 

“3, 12) BAKOBVND & Ola aA ERY Ea He 
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CH6H6, ENEH HR h CHT. H PW SMITH TSE RRO MNT < 2b 3 
DIELS S. WMI DRMKIAEA PROPER CHOOT V FREESZ, WoOwM 
CISIED AAD MIS He AS LO SENT Ze RT DINE YAO ODIO EB Sy 
CH), oa, mob hk DEAS ( ATA SC Re RO CL 


Did SIrte (Fig. 2, 3), MASALA RC & WC CN]D, KHL VEU CHES Th 


LL eMdSrTeE DHS. d ee eh aonacae: b EES DO 
ADD is thi ART MLD 9 AO FAL 5b 6 (MAIC AS ( EOI J GIG, tho 
SAIS IEC, (ERP RIAD Bd SN SWABSOBM, AE T OBE O (ilk eM RAV 
(Fig. 12), 

P. elongata OvierkO Yeti (Figs. 4,5) % P. Faurici OZNLACMECESDY 6, 
OM OMDB IAKOM < ASND~ 


n=11=V(H)+6/4+3+m(h) 

HERERAEED P. longicollis RO P. nutans Oetker % n=22 CHOTEIE 
HERE 2 AUCIENS ESOT CH SZ, LOMAS PANIC (MEE CDSHD 
B42 UTZO556O1TFE P. longicollis UW THIET S 5 

P. longicollis. D745 B 22 [HO YLAD 5 BO 2 MLL OKS SDYWEHNS TAB <, B 


RAO LEP RICEDSOTEX V FBLRTSDCHACMMOAAD 6 RGIS. 


(Figs. 6-9, 13), JEM wet fRIS YK CH Sd, ILOM OURO MAEMO R £2 
RIC UTCAS &, MHOC ERODSLEBDYOK, MHStO—lk (HD 4% 
er ee bet ae ces mon ee ae 
VHA L—HOBOMPOADR ECHO, MBO RILPPHAFCHSD6, LO Wy 
a nice FeHOMIEA CP. Fauriei, P. elongata) OWRKRO H &k<— 
KIS. ZCKRUTCWOR AA Hk (Hy) ICKD PIB LE — HO POMS LITRE 2 MOB 
FEDBD CNSZEDACH), CHONG BHIS—HWOKTBIOACHOT tb bileas A i eh 
RRS. BMS H, & Ho LAWN RWTSC LaHKSS 
BCAA AHO bh DHoOoNS|B, COM bh MCAALIBERO MHC OW T 
DERLBD FN. WO WAG 18 a 12 MO LAS eI FIBOLD’ 6 MONE 
BALBSRD OKO T, CUA THAT EARIO — PIA 4S CFigs. 12, 13), 


P. nutans 2 4fafk (Figs. 10, 11) % P. longicollis ENR CTH SD FMM O BAS 


n=22=2V(H, H2)+12J4 64+2m(2h) 


CHS_ Mbitomoeiet H, RO H, OFA aMOA P. Fauriei RU P. 
elongata DED REAK2ASTS CLIK S 
LRORMROM ROR In <, Msn Pohlia ARORA (tr & WEEE CH Ste 


LL, CAAA bMMEAETH SL LIRMWROSSLETHS. MSELOMBALEIE 


PAREN NEALE 3 2 HORA CH, RU! Hy) BEDS S, Ml INABA 
RMT IEAMUSMEMELUE THOT, FID WED CH MICS PTY: afk CH 3k Ho), 


EIS PEREIKS AUTWREDCEDSEWM, CUT APMEMED A fk OF FRIERO'T_E | 


AOD KS, ZIDWEERHEL ROKLOCLEWDEBLONS, KRULNHXOM 
CHEW TERI FS BOGE ED THI LEW 


SAE; 
‘oe 


aa 


oe 


a. e eS 66 A ae a 


2. Thamnium se para | 


a ri FERIRS BIC fea 1951) AHO %fafkih n=11=H+h+9 CHSC L VHEULED, & 
o RAM OMA, BIS n=22 OYLatke Hoe Me BL LEO CUD T S FOAL E CD 
i SAR Yet ROD LIBEL Ae FTO To 

RARER LST TW SHY, FEE LROBAC I CR WINS HERES 
BOLL EALL Aes, AERA CRAM MEMEO ERE Tk LARS HME FETE G 
Sa AEA ELL ODMMMEEN Ou CR SEIS EO MAS & DTWIHEE LIEW. 3 
PREC GICAL tr BIE OU CO SIA CHOOT, COBM n=11 
ee AVGD4+V42J464+m(h) CHS (Figs. U4, 15,19). £05 H BHAT, se 
ARCO DOT VFR, AZO WOME CI BBE BOTW So MLD KOB 
ee BART BI L—HOWOA CHO THULIN So I DOYLRT, SIUEMOS 
KK OREO & EUS KOBMO ARM Bie RS (Fig. 15), WAetafKO db 1D V, 2 {il 
j © J aa oe ALO 6 MAE ATE CIEE PRBS BK FHA 
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. Figs. 14-20. Thamnium Sandei OY fa fk & FOR EAT. 
(Chromosomes and heteropycnosis of Thamnium Sandei). x 3000. 14, 15. —f®f& CMono- 
 ploid plant). 16-18. =k (Diploid plant). 19. Fig. 14 Ao Ya fk (Serial alignment of 


_ the chromosomes from Fig. 14.) 20, Fig. 16 44% Yetaf (Serial alignment of the chromo- 
~ somes from Fig. 16.) 


es were Aeon < WG DMEM THOT, OBAMA n=22=—2V(H)+4+2V4+4) +12 
ee +-2m(h) CHG, (Figs. 16-18, 20), M54 21ND H ico WW TE OVEROR i aE 
by ik See ere Pe aeelett he H es Hoe ee 
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3. fhO 5 2 BOWER 


Breidleria BiZOW TILK ZO 1K B. pratensis O%eta tke wee Uiegs (Jef 1952), . 
SES 2 7IOr B. arcuata OYe(apk% CIE RE, Yefapescis n=10=H+h+8 CHS, 
WIZES Ic {LO 5 fx (Boulaya, Leptodictyum, Cratoneuron, Brotherella, Rhytidium) 
DIOR NEDO TATE HUES EB OBAEW, LIMES 4 AL BH (Boulaya Mit- 
tenti, Leptodictyum riparium, Cratoneuron glaucum var. falcatum, Cra. filicimum var. 
japonicum, Brotherella Henoni, Rhytidium rugosum) Oi#fafestie{gir% n=10=H+h 


+8 CHOOT, MUTE T & BM PIEAR OE Oye afkla tn Sneak H RU h CS 
BB (Figs. 21-33), 


“ 


Figs. 21-33. 5 {2 &fiO#O Gametophyte OLMAK. 
(Nuclear plates and heteropycnosis in the gametophytes of 5 species and 2 varieties of the 
mosses studied). 3000. 21,22. Boulaya Mittenii. 23, 24. Leptodictyum riparium. 25, 26. 


Cratoneuron glaucum var. falcatum. 27. C. filicimum var. japonicum. 28, 29. Brotherella 
Henoni. 30, 31. Breidleria arcuata. 32, 33. Rhytidium rugosum. 
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pet Resumé 


1) 10 species and 2 varieties of mosses have been studied cytologically. The 

: results obtained, the numbers of the chromosomes and their morphology and the 
state of the heteropycnosis are given in Table 1 and Figures 1-33. 

2) The polyploidy of the chromosomes has been observed in genus Pohlia. The 
chromosome formula of basic species (P. Fauriei, P. elongata) is n=11=V(H)+6/+3 
4m), and that of the diploid species (P. longicollis, P. nutans) is n=22=2V(H) 
| +12J+6+2m(h). Difference was found between the two H’s in. the diploid species, 
in the morphology of the chromosomes as well as the state of the heteropycnosis 
(Figs. 1-13). 


a 3) An intraspecific diploid plant (n=22) was newly found in Thamnium Sandet. 
‘The diploid plant had doubled number of the heterochromosomes and autosomes, 
4 both similar in their morphology respectively with those of the monoploid plant 
; (n=11) (Figs. 14-20). 

4 of 4) As already reported in the series I and II of the present paper, it has been 


_ observed, too, in every species studied this time, that the largest and the smallest . 


‘ chromosomes in each nuclear plate are the heterochromosomes (H, h). 

Be : 
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Resumo 


1) Rapideco de la protoplasmofluo estis mezurata en polentubo. (tab. 1) 
2) Fluo estas plej rapida ¢e 35-36°C, kaj haltas ¢e 47°C. (fig. 2) 
3) Protoplasmo havadas fluecon e¢ kiam la fluo estas momento haltigita per 


pe _ premo de vitra pinglo (figs. 5, 7) 

4) Per kirlado la fluo estas haltata en momento. 

5) Disigital pecoj de protoplasmo fluadas dum la datiro de 30 horoj interne kaj 4 
t externe de la tubo. (fig. 1; 6, 7) 
_ 6) En vivanta tubo, protoplasmofluo trapasas la plej prokisman vojon. (fig. 1; 
ms « 3, 5) 


7) Granoloj en vivanta protoplasmo de poleno ne faras Brawn-movadon. 
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2) SER a: RBA Cilia, —WMMAE KV) ) | 
3) AE: TEOMA NOMRS CID 7ERMPO TRICO  HUHE 65. 769. (1952) ‘a 


4 4) Goldacre. R.J., Loich I.J.: Folding and unfolding of Protein moleculy in relation to cytoplas- 
5 mic streaming, amoeboid movement and osmotic work. Nature. Sep. 27 (1950) ; 
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In the former reports (33) the authors affirmed in soybean plant, as other plants 
C1, 13, 23, 29, 31, 32, 37, 38, 41), the one grown on drought spot has higher osomtic 
value than the one grown on moist place. But they observed that the temporary 
drought resistance, which acquired on extremely dry spot in hot season, relaxates 
in cool season. Fortunately some of these samples were studied to see the regulation 
of osmotic value by subjecting them to wilting. Temporary wilting is believed to 


give the plant drought resistance (16, 42), like the temporary cold resistance (30, 


31, 35,-39, 40)., 


Whether the experience of former drought, which has influenced to increase the 
cell sap concentration (6, 7, 34, 36, 43) still effects osmotic ascension or not on the 
part produced from the growing point after the soil moisture is regained isa problem 


not yet investigated. +. 


Material and Methods 


The material is a autumn-soybean Tamanishiki which is the same in Rep. Fou 


The plants were grown in cyrindric, galvanized iron pots 15cm in diameter and 


17cm height. The soil used was sandy loam and the saturated water capacity of 


this soil was estimated approximately 26%. A watering tube containing crushed 


stone extended down the side of each pot to the bottom. The pots were divided . 
into two groups of 80% and 50% of water capacity, and the pots were weighed daily — 


and adjusted by watering. The pot of 80% water capacity which had been subjected 


to wilting stopped being watered, and in several days it reached near the point of — 


permanent wilting. After that the soil was once more watered to regain the optimum 


soil moisture, 80% of water capacity. 


Experimental Results 


Experiment 1. Ascension of Osmotic Values 


Example A) Control plants grown in constant scil moisture. The results 
(Fig. 1) are described in the former report (33). 


* The problem of physical and physiological dryness by Y. FUKUDA (Report 2) 
** Botanical Institute, Faculty of Science, University of Hiroshima. The authers express their 
gratitude for the promote fund from ihe Ministry of Education given for the study of this problem, 
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Example B) Plants wilted 4 times. After the plant in 89% soil moisture had 
been wilted four times, the soil moisture held 80% constant (Fig. 1)... Kore 70 days, : 
from Sept. 6 when the flowers fell to the middle of Nov. when the plant withered, - : 
the osmotic value did not show much fluctuation, only increasing a little as the 
season advanced. The curve is always higher (0.51—0.47=0.04 mol) than that of : 
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the control A), in spite of both plants growing at 80% moisture condition. It may 
- be considered that the effect of hardening remains all through the life. The real 

water content of the soil where the wilted example grew was calculated as 50% by 
w= the bisection of the four triangles of moisture variaton at wilting. The plant grown 
Sein 40 or 50% soil ‘moisture (illustrated in Report 1) has 0.04mol higher osmotic 
- yalue than that grown in 80% moisture after the flowers have fallen. Therefore 
the hardening effect of wilting four times corresponds with the effect of the different 
conditions of 89% and 40% constant moisture. 
. Example C) Plants wilted 8 times. As seen in Fig. 1, at the flowering time 
both Exaple B) and C) were subjected to wilting 4 times. The osmotic value rises 


, f iy Re 
beens ie od Se " 


at the wilting and drops at the recovering. But the curve of mean values ascends 


ena 


as wilting repeats. From Sept. 6, the samples were divided into two, ice., B) and 


3 


_C). The C) plant was subjected to wilting continuously. The ascending tendency — 


a 
ad 
_ 


of the mean osmo-value is also maintained, but the degree of dropping resumed by 
recovering becomes. less and less as the experience repeats. After the 8th wilting 
the minimum becomes equal to the maximum and so fixes (Fig. 1). By these 
examples it is confirmed that the effct of repeated wilting builds up an acquired 
yom character which makes plasm contain the hypertonic cell sap through the life. 
s _ Example A and B) In Fig. 2 are illustrated osmotic variations of all the leaves 
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bye _ from the lowest to the uppermost of the plant B), grown on 80% for 40 days after 
ie being wilted 4 times, and those of the control A) on constant 80%. The lowest 5 
ti . leaves had dropped when the observation began. Up to the 13th leaf, B) is 0.04 mol 
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i. higher and above that 0.06 mol lower than A). The lower leaves of B) are the ones 
which have grown during the season when wilting repeated, but the upper leaves — 


beni: 
5 oale 


_ are the ones which have developed after the normal water condition was regained. 
It indicates that the new shoot which sprouted from the rejuvenated growing point. 
of the hardend plant adapts to regained 
condition, and the experience of the former | 


ihe pre ; water economy does not effect any more. 
P16 tes : Like a young shoot in the early stage 
: 15 7. ‘s 3 of growth, the rejuvenated shoot of B) has 
14 ; ices much lower osmotic value than that of an 
By 13 eo aaa: adult shoot of A). | 
I2 a fe) dameamiiinnciuniny 4 eae 

~ | 
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Fig. 2. Osmo-values of the 
epideamal cells. ELge x 


y eement 2. Outer Morphological Differences of the Hardened, the Rejuvenated — 
after being Hardened and the Nonhardened (Fig. 3) 


The forms of the plants grown in the constant water condition, 100, 80 and | 
65% have the same size, but when moisture becomes less than 65% then the plants 


become dwarf. 


Table 1. The result of growth and the yield on Nov. 5. 


sa mastre | BEG! en ord hat | Sara | MR" 

; 30% 73 cm 21 36 75.52 021g 
50 62.5 AY, 20 46.0 0.23 
rae, Nee 70 22 29 78.0 0.28 
entities oo Ne: 7 : : = 
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On the other hand the evaninté of 4 times wilting B) is as tall as that on con- Lg 
stant 80% (Fig. 3). The 4 times wilting does not effect growth if the standard soil 
moisture is kept at 80% both before and after the wilting; 8 times wilting also 
does not effect growth (Tab. 1); if it does, it causes the shedding of leaves and 
makes the plant look poor (Fig. 3). Even the plant wilted 4 times looks more 


. 
x _ prosperous when a new shoot grows from the rejuvenated top. Even the same { 


average amount of variation is given in the soil, when it is kept constant or when 


ay 


ie 


- 
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4 | 
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_ it varies, it gives different effect on plants. 


eS : ! a 
i, S Experiment 3. Drying Speed of Leaves According to the Order 
Mice of Position Estimated by the Way described in Rep. 1 ‘ 
Jai A ' 


sis 


_ In A) the position of leaves has nothing to do with the surface developement 
L (Tab. 2), but k) and kn) are larger in the upper leaves. Stronger physical transpi- 
ration in the upper leaf than in the lower, denoted by the value k), is due to the 


wf 2 
oie: 


see. Fig 


Table 2. Drying speed of leaves of Axample A) on Nov. 5 


test mosidon Surncedeelgne| Drowsht cat | Normal coe. | peotype | 
8th 6.900 0.0452 0.00650 Hardened q 
9 5,900 0.0535 0.00909 s a | 
10 6.700 0.0811 0.01205 4 

ye tea in wt 6.900 0.0940 0.01361 
eee 6.300 0.1220 0.01940 
| : 15 5.850 0.1690 0.03151 Non-hardened 


fs Eg. “leaf. It suggests that the drought resistance does not differ with the seasonal 
: a _ changes but differs according to the age of leaves; that is, the older the leaf is the 
: iS less the water passability of a leaf becomes. In Example B) (Tab. 3) the 8-12th 

‘ leaves which developed during wilting treatment have small passability like the a 
oldest leaves of the control, which suggests that the former had been hardened. | 


Table 3. Drying speed of leaves of Example B) (4 wilt) on Noy. 5. 


a aa ‘Leaf position Pia Sen oth k kn Ecotype 
eee 8th 6.200 0.0582 | — 0.00938 Hardened 
Roy A res 12 8.250 0.0692 0.00838 Do. 
: 15 6.800 0.1384 0.02040 Non-hardened 
16 8.000 0.2350 0.02940 Do. 


at 17 6.300 0 3690 0.05820 Do. 
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But in the leaves which grew after the normal water condition was regained, 
the surface development is not changed, but k) and kn) are very large and indicate 
that the ability of drought resistance is weak, showing that they are not hardened. 
In all the leaves of Example C) the value of three characteristics relating to the 
water economy do not differ much (Tab. 4). 


Table 4. Drying speed of leaves of Example C) (8 wilt) on Nov. 5. 


or Surface 
fa position development k kn _Ecotype 
8th 6.350 0.0470 0.00738 Hardened 
9 7.500 0.0520 0.00701 Do. 
10 7.800 0.0581 0.00745 Do. 
‘tt 8.000 0.0581 0.00730 Do. 


_ These values of Example C) are the same as those of ‘the hardened ones in. 
Example B). Every leaf of Example C) is hardened. Ks 


Conclusion 


In the wilted examples the leaves which generated after the normal soil moisture 
was regained have lower osmotic value than that of the control and the leaves 
which developed during the treatment have higher osmotic value which is irrever- . 
sible. Now coming to the drying speed of these leaves, the smaller k) value in the 
latter old one suggests that it has acquired greater drought resistance. Now, the 
modification in osmotic value coincides with the acquirement of drought resistance. Peay. 
In Example C), after 8 wilting the high osmotic value irreversibly remained and ; med 
also the smallness of the drought coefficient k) shows all leaves are strongly drought 
resistant. In Example A) which was kept in 80% constant soil moisture, the 8th _ 
but now the lowest leaf alone is drought resistant. In each example the osmotic 
value and the three drought features of the uppermost leaves are as follows (Tab. 5) :. 


Table 5. 
Osmotic Surface 
value __|development k kn Ecotype 
Example A 0.60 0.585 0.1690 0.3151 Mesomorph 
Example B 
regenerated one 0.53 0.630 0.3690 0.5820 Non-hardened 
hardened one: 0.63 0.825 0.0692 0.0838 Hardened a 
Example C 0.64 0.800 0.0581 0.0730 Hardened 


Now, the modification of the irreversible increase of osmotic value and the decrease 
of water-passability through the leaf surface are acquired by wilting. In the publi- 
cation of other writers the increase of osmotic value by wilting was recognized as 
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_ growth of a leaf, however, lasts longer than the drought duration, so that a leaf 


» 40. Scarth, G. W. and Levitt, J. The frost hardening mechanism of plant cells. Plant Physiol. 
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the acquirement of the ability of drought resistance without exact testimony, but 
the present writers experimentaly confirmed that the leaves which developed during q 
wilting treatment have acquired the drought resistance, and also the increase of 

osmotic value by wilting is an indication of the drought resistance. That the fixed — 


hardening effect is recognizable in the leaves which developed during wilting treat- — 
ment, is due to that the leaf growth is an irreversible phenomenon. The period of 


subjected to wilting may not develop to a morphoiogical xeromorph. 
Water deficit of the soil effects the plant in the following manner: ; 
1) Constant water defecit results the xeromorphic dwarfism of plant. 

2) Temporary water defecit results the type hard to drought. The latter has 
not been hindered its growth as the former, but both have been hardened to drought. — 
3) The hardened leaf of the latter has large surface development and small 
water passability through the leaf surface. So that the leaf type which is hard to 

drought is not the xeromorph. 
The high osmo-value and small drought coefficient and perhaps the large amount 
of solute may be indications of the drought resistance but are not the special 


features limited to the xeromorph. 
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Action of Some Cyanine Dyes on Bacteria. II. 
Further Observations on the Antibacterial Action and the Tests 
for Parasiticidal Activity and Cytotoxicity of Some 
Cyanine Dyes. 


By Takashi Uemura* 


fa BE: MBeWFSrHv rT =r eELorEM B25 


Received July ree 1952; 


In the previous work of this series (Uemura, 1950), a large number of cyanine © 


dyes were tested for their antibacterial activity against Staphylococcus aureus, and 
it was found that some of the compounds having a substituent attached to the center 
carbon atom of the methine groups between the two heterocyclic nuclei displayed a 
strong inhibitory action on the growth of the test bacterium. 

The present experiments were initiated with the view to test the applicability of 
some of these dyes to clinical uses. Investigations were made with special reference 
to the antibacterial spectrum of each dye, and the possibility of the aquisition of 
resistance by the bacteria. Parasiticidal activity as well as the cytotoxicity of the 
substances were also investigated. 


Antibacterial Action 


Antibacterial spectrum. Using 18 different species of bacteria, the antibacterial 


spectra of 10 kinds of cyanine dyes were investigated. Structural formula of the . 
dyes tested are listed in Table 1. Serial dilution tests using nutrient broth with or | 
without added serum or blood showed that almost all of the dyes tested are active © 


against Gram positive bacteria and less active against Gram negative bacteria with 


the exception of Aerobacter aerogenes, Hemophilus pertussis and Vibrio cholerae (see 


Table 2). . 
Bactericidal activity against Staph. aureus. Using thiocarbocyanine (No. 65) 
which was found to be most active against Staph. aureus, its bactericidal activity 


was compared with those of mercurochrome and rivanol. Culture medium used 


was a broth containing 10 per cent dried milk. Four ml each of the broth contain- 
ing graded concentrations of the drugs were mixed thoroughly with 1 ml of 24 hour 
broth culture of S. aureus and incubated at 37°C. At definite time intervals 1 


loopful of the test culture was transfered to the nutrient broth, which was then 


incubated at 37°C for 24 hours. 


* Laboratory of Microbiology, Botanical Institute, Tokyo University. 
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Tables: Structural formula of the cyanine dyes tested. r 


Structure 
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‘ Table 2. The antibacterial spectra of some cyanine dyes 


Compounds (number) (4) | (5) | (65)) (63>) (64)} (31)| C17), (22)) (43); (44) 
Bacteria Cyne Minimum Antibacterial Concentration 
Staphylococcus aureus Terashima | *B. \**4.9| 53| 62) 5.6) 63) 5.7] 5.6| 3.7| 52] 5.2 
” rr Aloha B. A: Gila 49) 5-6 aeons BOW oer 4.6 
me citreus 18 49) 5.8) DO a.2 0 
Streptococcus hemolyticus Sr Be 4.3} 4.9 4.3 
| Bacillus subtilis B. Ais 5.6 | 05,6: 5.2 ee 8.6 5.6 |<3.7| 4.6 
Diplococcus pneumoniae I S.B: A3| 4.6 4.3 
. "e 1 a 46\<5.2| <43 
» * il 3 4.9 
Vibrio cholerae Inaba B. 434. 5.2) b5 1 15:3) 5.36 5.31.5. 6) Savi Acs a sAco 
Siagella desentheriae B. /<43 43) 43! 431<43|<4.01<3.7/<43 
Eberthella typhosa B. |<43] 43] 43/43/43] 431<4.01<3,7|<43] 
Salmonella paratyphi A B. \<4a3} | caslcaslcaslcaolc37i<a3s| | 
fe cS B By <4.0 |< 4.0 <A.3 |<4.3 |< 4.0 
Pseudomonas pyocyanae B. |<4.3|<4.0)/<43} 4.6] 4.3/4.3 14.3 |<3.7 |<4.3 
Escherichia coli Be |\<43| 4.3) 4.0 <4.0 |<4.3 
s »» communior B. 4.0 <A.3 
Aerobacter aerogenes B. 46| 46| 5.2] 5.0| 49] 43 Sy 
Haemophilus pertusis B.B. 5.9} 5.9 49) 5.0 


* : B=usual peptone broth, S.B.=10% serum peptone broth, B.B.=5% blood peptone . 
broth. eM 

**: Values indicate the inverse logarism of minimal molar concentration with caused the 
complete inhibition cf bacterial growth after 24 hrs. culture at 37°C. 


1 


Table. 3; ° Bactericidal activity against Staph. aureus “ Terashima” 


Bactericidal Activity 
Compounds | None a we ges y a Mercurochrome Rivanol 
Mol. Concen- | __ | 4/494] 1/1047 | 1/105] 1/1017 | 1/102] 1/1027 | 1/1015 | 1/1025 | 1/1035 
trations 
Ke 
Gi tom Sos Ve ncke? Sg. Pere Sa ta + + + 
30; + | + + + + + +- = + + 
* 1 
Incubation PO: 4? th Fae es a a =, ‘i f 
Times peat ey he . 2 e: e * Be 
Civtinutesy (280d | + + - + + 
360) + | — + + - - + - es + 
600} + | — aaa as = = fe = = aes A 


: * : They “ane times, during which the bacteria were incubated with drugs in nutrient 


broth at 37°C. 
+ (+)=growth occurred in subculture, (—)=no growth occurred in subculture. 
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as 10-17 and 10-25 mole/1., respectively. 


Acquisition of resistance by some bacteria against the action of cyanine dyes. As 
was briefly reported elsewhere (Yanagita et al., 1951), a certain cyanine dye (65) 


a 8 66 BM 777-7178 


and rivanol only at the concentration of as. 


Rowe, Ie 
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provoked, by contact with barteria at a sub-lethal concentration, a strong resistance 


log M.1.C. (mole/L) 


V. Cholerae 


_ of V. cholerae against it, while 


S. aureus and B. subtilis showed 


-4 
only slight capacity of aquiring 
resistance against the same sub- 
F stance. f 
5 S aureus 209P Using four strains of bacte- | 
ria, the process of acquisition of 
B. Sublilis resistance was investigated by ; 
Goty 2a ate ei me making successive cultures in 
-6 the media containing increasing 
amount of the substance. (For 
details of the experiments, see 
0 5 10 15 20 Yanagita et al, 1951). The 
Number of . subcultures results obtained are presented 
. Fig. 1. in Fig. 1. 
Table IV. The cross resistance between some of the cyanine dyes 7 
and other antibacterial substances. 
(a) : 
eee | Vz cholerac peoriys Rents Resistant : 
i ae ain i 
Ee ee Le Si teed (Ss) (rs (65)) Gs) 
mole/L. mole/L. mole/L. ~ 
(65) 1/1055) 1/104.0 1/1013 
(10) ii (30) iD (15) 
(5) 1/105.2 <1/103.7 1/1040 “a 
(1) (>30) (15) 
(4) 1/1043 1/1040 | 
& (>2) | 
(17) 1/109-6 >1/104-3 >1/1043 
@ (>20) (>20) 
(31) 1/1053 >1/104.0 >1/104.0 
/ (1) - (20) (20) 


i : Number of cyanine dyes (see Table 1). 


ii : The values indicate the minimal inhibitory molar concentrations 
é 
: (M.1I. C.). 


The figures are the ratio M.I.C. for 7s/M.I.C. for ss. 
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rs. (5) Be 


Drugs Se eee SS. 
he 
( ee Se 
\ Be Jrotcr-< >see 1/104 1/1033 
We Ne : 
CH3 SO,4CH3 
Styrylquinoline (1) Cb) %: 
GO ee ae 5 
nN 4 Sane 1/1046 1/1036 1/1036 
re A : 
CH Ci 
Acriflavine 5 C1) (10) (0) 
(CH3)2=N (S Ln N= Cade ‘ 
ns ol oem eee! 
NAN C4 SF 
og N 1/1054 1/1043 1 /1048 
a7 | 
N=(CH3)2 
Cristal violet (1) (13) (6) 
ie A \Z es . 
| 1/104.2 1/104 1/103-4 
CED Nas me Be Wa --N=(CH3)2 ; 
met = 3 5 
Methylene oe Gi) (1.5) G7) 
- HgOH 
eee 
Na0—7% ne Va 
ENE a WY, Se “1/1043 1/13 | 1/1043 , 
( oe 
Mercurochrome (1) (1) Cie) 
: 0.1 mg/cc | 0.1 mg/ce 0.1 mg/cc 
Streptomycin Gis) (1) (1) 


“ayes (65 and 5) and other antibacterial substances were investigated using V. cholerae 
ry ethas test 8 Shae Ae The results are presented in Table 4. In this table, the original 
2 : , ‘sensitive | strain and the strains which had previously been made resistant against 
ms the cyanine dyes, 65 and 5 are designated by ss, rs (65)* and 7s (5), respectively. 
| Figures given are the minimal inhibitory concentration (M.I.C.) in mole/1, and 
- those in parentheses are the ratio M.I.C. for 7s/M.I.C. for ss. 

It is clearly shown that the both resistant strains are more or less equally resist- 
fant not only to other cyanine dyes but also to styryl dyes, acriflavine, crystal violet 
. Rand even to methylene blue, and are as sensitive as original strain to mercurochrome 
e us and streptomycin. It might be concluded from these results that the organism 
: resistant to cyanine dyes are also resistant to the substances, having the structures 
ke _ which are characterized by the following linkages: 


—N=CH—CH= Pe pe -—CH= CH-N= eS 


ar where one or more methine groups might be replaced Hews —, 


Cytotoxicity 
~The cytotoxicity of thiocarbocyanine (65) was ‘conte using subcutaneous phago- 
: - cytes of rabbit as living cells. For comparison, parallel experiments were performed 
ith mercurochrome. Subcutaneous connective tissue was taken from the back of a 


aha MM 
he test substance at room temperature. At various time intervals a small fraction 


p Table 5. Toxicity against Rubbit’s subcutaneus phagocyte 


*Percentage of Dead Cells 


Compounds None **Thiocarbocyanine (65) Mercurochrome 
poet Vol. Be; raped eae 
| Concentrations | —_|1/10#|1/105| 1/108 | 1/107| 1/108) 1/3015 | 1/1085 | 1/208| 1/108 | 1/108 


Reaction | 2] 4 | 45'| 60 | 75 | 30 | 10 | 100 | “100 100 | 23 | 10 


 Gtrs.) 5 | 3 | 100 | 100 | 100 | 27 py Reta pre an et | 16 2 | 


“* + Percent eee Numbers of dead phagocytes 
Numbers of phagocytes counted | 


Compounds were dissolved in Ringer’s solution. 


x100 . 


‘tions, the resistant strain can grow far less slowly than the original sensitive strain, and the ability 


‘ resistant Strain. In other respects, the two strains showed the same ability to ferment various - 
ae and sugars.. 
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‘ied Tt was revealed that the aquisition of resistance against cyanine dyes by V. cholerae was 
“accompanied by some changes in physiological character of this bacterium. In anaerobic condi- : 
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of the connective tissue including 50 to 100 phagocytes was taken out from each 


vessel and the tissue was stained supravitally with 0.01 per cent neutral red saline > 
solution. The staining lasted 30 minutes at 37°C. and the stainability of the nucleus 


of each phagocyte was examined microscopically. Taking stained and unstained 
nuclei as criteria of dead and survived cells, respectively, the percentage of dead 
cells to total cells in each test solution was determined. 


The results, summarized in Table 5, showed that the cyanine dyes is more toxic 


than mercurochrome, the minimal molar concentration of the former to kill the 


phagocytes completely after 5 hours being about 1/100 of that found for mercuro- | 


chrome. 


Parasiticidal activity 


Using the intestinal parasite (Rhabditis) of toad as test organism, the parasiti- 


cidal activity of thiocarbocyanine (65) and monocarbocyanine (5) was investigated. 


For comparison, parallel tests were made with #-amylresorcinol which is known to . 


have a strong cidal action against various parasites. 


Fifty individuals each of the parasites taken freshly from the toad’s intestine 
were put in 10 ml of physiological saline containing various amounts of the test _ 


substance, and kept in ice-box. The percentage of the survivors at various time 


intervals was determined by the observation of their motility. The results obtained 


are listed in Table 6. As may be seen from the table, the cyanine dyes were inac- 


tive against the parasite at the concentrations tested, while %-amylresorcinol was — ia 


found to have strong parasiticidal activity at the concentration of 10-3 mole/1. 


Table 6. Parasiticidal activity against Toad’s intestinal parasites. 


r *Percentage of Survivor . 
Compounds None eh Gee Pen ee. yanine i-Amylresorcinol 
Mol. — “1iotd ; 5.4 Ty i 3 aes 3 : 3 4 
Concentrations 1/104 1/10 1/103 1/10! 1/ 10 1/10 
é 24 95 92 96 95 95 90 92 
Reaction ! A 
A 40 87 80 86 77/89 88 60 85 
Times 
48 80 75 mse 73 82 27 80 
(Hrs.) 
62 73 71 75 60 73 14 74 


* + Parasites which had the motility were recognized as survivor. 
**-. Compounds were dissolved in physiological saline. 


Discussion 


The experiments presented above showed that the cyanine dyes tested are highly 


bactericidal against H. pertussis, V. cholerae and S. aureus. Preliminary test (yet 


to be published) of subcutaneous toxicity in mice showed that the minimal lethal 
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doses of cyanine dyes, 65 and 31, were 10mg/kg., a result suggesting a promising | 
applicability of the dyes as agents against diseases caused by the above mentioned : 
bacteria. Test with rabbits’ phagocytes, however disclosed a rather strong toxicity 
of these dyes. At any rate it may be asserted that the cyanine dyes are of the 
comparable value to mercurochrome and rivanol when used as the wound disinfect- 


ant. 


Summary 


(1) Cyanine dyes of ten different structures were tested for their antibacterial 
activities against various kinds of bacteria. It was found that they act strongly 
bactericidally against Gram positive bacteria but less strongly against Gram negative 
bacteria with the exception of Aer. aerogenes, H. pertussis and V. cholerae. 
(2) Bactericidal activity of some of the cyanine dyes was found to be several 
hundred times as strong as that of mercurochrome or rivanol. 
(3) Some of the cyanine dyes have induced, by contact with bacteria at a 
sublethal concentration, a strong resistance of V. cholerae against them, while S. 
aureus and B. subtilis showed only slight capacity of developing resistance against 
the same substance. The strain of V. cholerae which had become resistant against 
a cyanine dye was found to be non-resistant to mercurochrome and streptomycin, 
but decidedly resistant to other cyanine dyes, styryl dyes, acriflavine, crystal violet 
and methylene blue. 
(4) Test with subcutaneous phagocytes of rabbit has revealed that the cyto- 
toxicity of a cyanine dye was 100 times as strong as that of mercurochrome. 
(5) Some of the cyanine dyes were found to have no cidal activity upon the 
intestinal parasite of toad (Rhabditis). 
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Studies on the Development of Resistance of Microorganisms — 
to Antibacterial Substances. 


III. Some Observations on the Selective Growth of Drug- 
Resistant Mutants during the Course of Culture. 
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It has been previously noted that the bacterial growth curve in the presence of 
antibiotic substances may assume peculiar forms when bacteria aquire resistance to 
the substances during the course of culture. In the presence of penicillin or strepto- 


mycin, for example, the growth curves of S. auréus or E. coli show more or less . 


abrupt rise at later stages of culture, and this phenomenon was attributed to the 


development of resistance owing to the selective growth of drug-resistant cells which — 


had been present, actually or potentially, in the original bacterial population (Ya- 
NAGITA, 1952). Jt was shown that some bacterial strain, the population of which 


was homogeneously composed of cells having the same order of susceptibility to a 


given substance, did not acquire resistance to it, and therefore, did not show the 
ascension of growth curves at later stages of culture (YANaGITA, Morimura & 
SASA, 1952). ; 

In the present paper, further evidence will be adduced showing that the develop- 
ment of resistance of bacterial culture to some drugs is caused by the selective 
growth of drug-resistant cells in the bacterial population. 


Methods and Materials 


The experiments were carried out in vitro using ordinary and penicillin- and 
furacin-resistant strains of Staphylococcus aureus together with ordinary strains of 
Escherichia coli and Lactobacillus casei ¢«. Medium used was ordinary nutrient broth, 
adjusted to pH 7.4, unless otherwise specified. 

The susceptibility of a bacterial strain to a given substance was tested by the 
method of serial dilution assay. The bacterial growth was traced either by nephe- 
lometric measurement (using Pulfrich’s nephelometer) or by viable count. The 


‘number of viable bacteria in a culture was estimated by the capillary tube method 


* Laboratory of Microbiology, Botanical Institute, Tokyo University and The Tokugawa Institute 
for Biological Research. Present address (T. Yanagita): The Institute for Putrefaction Research, 
The University of Chiba. 
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aa sised by one of the authors (YanacirA, 1951). Half ml. of dacterial suspension : 
‘ae 45 ml. of melted nutrient agar (1%) containing 0.5% of potassium nitrate were 
mixed thoroughly in a test tube, then the mixture was sucked into a glass capillary — 
Pith marks showing 0.5, 0.75 and 1.0 ml. of the content. Each of these capillaries 
jas Rises incubated at 37°C for 48 hrs., and the number of colonies growing almost one- 
te dimensionally between the marks of the capillary was counted under the dark field 


—— = 


illumination. ; 4 
Results 


Types of growth inhibition exhibited by several antibacterial substances. : 
As was reported elsewhere (YANAGITA, 1952) the growth curve of ordinary 
strains of S. aureus or E. coli are,modified in a peculiar manner by the effect of 
__ streptomycin ; in earlier stages of culture only the logarithmic and stationary phases ~ 
were suppressed (inhibition of Type II), while at later stages this effect apparently — 
disappeared allowing the bacteria to grow afresh with appreciable velocities (Fig. 
1-C). On testing the streptomycin-susceptibility of the bacteria, it was found that 
us the cells that have grown out later showed more than 100 times as high cea 
Re as the original cells inoculated. 
_ A quite different phenomenon is observed with L. casez which is known to have 
“no ability of developing resistance towards streptomycin. In this case the growth | 
curve showed no upswing at later stages and the inhibition was of typical Type II F 
= throughout the whole course of culture (Fig. 1-D). Moreover, the bacteria fished 


ae ‘The results obtained with penicillin were in essential features the same as above. 
is Also against this antibiotic, S. aureus can acquire resistance, while L. casez cannot. 
_ Characteristic of the action of penicillin is its lytic effect on various bacteria, includ- 
_ ing S. aureus and E. colt. An exception is, indeed, L. casez, on which penicillin acts — 
‘ toe ‘only statically and not lytically. As is shown in Fig. 1-A and B, penicillin caused 
the inhibition of authentic Type II against L. casez, while the growth curve of S. 
“aureus was affected by the same antibiotic in a rather complicated manner, showing 
_ temporary fall owing to the occurrence of lysis and subsequent rise owing to the 

_ appearance of resistant cells. 

. The behavior of S. aureus towards furacin may be quoted as another example © 
<: of the phenomenon. The growth of the original strain of said bacterium was affected 
4? by this substance in a manner shown in Fig. 1-E (inhibition of Type III). The — 
Sante bacteria growing in the presence of 4.0x10-5M furacin were found to have 2-times 
3 ‘greater resistance towards the substance than did the original bacteria. By repeating 
‘ the culture in the media containing increasing Concentrations of the drug, we fivallye 
obtained a strain whose resistance could not be developed any more by. further ; 

cultivation in furacin containing media. When tested with such a strain, the inhibi- 
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Fig. 1. Bacterial growth curves in the presence of varying concentrations of several 
antibacterial substances. A & B: Effect of penicillin on the growth of S. aureus and L. casei 
respectively. C & D: Effect of streptomycin on the growth of E. coli and L. casei respectively. 
E&F: Effect of furacin on the growth of original sensitive and furacin-resistant strains of S. 
aureus respectively. 


tion caused ‘by furacin was of Type II as shown in Fig. 1-F, and the bacteria obtained 
at later stages of culture showed no increase of resistance against the drug. 

The observations made above all point to the fact that the rise of growth curves 
occuring at later stages of culture in the presence of the antibacterial agents studied 
is caused by the growth of resistant cells. Further evidence for this conclusion will 
be afforded by the following, experiment. 

Development of penicillin-resistant cells during the course of culture, 
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In order to make clear the fates of resistant and non-resistant cells in the : 

‘ presence of penicillin, we performed the following experiment. Nineteen ml. of 

nutrient broth containing 0.02 U/ml. of penicillin was inoculated with 1ml. of diluted 
bacterial suspension made from 24-hour culture of the original (non-treated) strain ~ 
to give initial bacterial number of about 106 cells per ml. This culture was incubated 

y - at 37°C and at certain time intervals, aliquots of culture fluid—diluted or undiluted 

Hy 27 according to the number of cells presented—were transferred into broth-agars con- 

: taining varying concentrations of penicillin (0, 0.02, 0.08 and 0.12 U/ml., respectively) : 
and then the number of bacteria was estimated by the capillary method. . The 
number of colonies grown in the penicillin free agar gave the total number of 
surviving bacteria, while the number of colonies in the agar containing a certain 

4 concentration of penicillin indicated the number of bacteria resistant to that con- 


centration of penicillin. 
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‘a Fig. 2. Growth curves of the original strain of S. auveus in the presence 

ead of 0.02U/ml of penicillin, showing the selective growth of penicillin-resistant 

a mutants. Curve A represents the time course of number of total viable cells. 

a q Curves B, C and D represent the growth of cells resistant to 0.02, 0.08 and 

‘+ 0.12 U/ml of penicillin respectively. Dotted curve shows the weeding out 

m ¥ process of penicillin sensitive cells. 
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. Fig. 2 shows the curves obtained from the experiment. The total number of 
me surviving bacteria (curve A) showed a time course which is typical for the culture 
% exposed to the effect of penicillin, namely the bacterial number decreased—after a 
“" _ temporary rise characteristic for the penicillin action—considerably owing to the 
‘ lyso-cidal action of penicillin and then increased afresh till it attains the stationary 


4 : state at more or less high level. Curve B represents the growth curve of 0.02 U/ml. 
: penicillin-resistant bacteria. It was revealed that the cells resistant to at least 0.02 
; U/ml. of penicillin had existed in the initial inoculum at the ratio of about 1/10,009, . 
5 , and that they increased very slowly showing the characteristic course of bacterial 
I growth with the lag, logarithmic and stationary phases: The coincidence of curve 


B with curve A at later culture stages indicates indubitably that the subsequent 


, ~ 


aaa 


| ; Mar.—Apr. 1953 - Bot. Mag. Tokyo, Vol. 66, No. 777—778 75 


rise of growth curve (curve A) was entirely due to the development of resistant cells. 
: By subtracting the number of resistant bacteria from that of the total survivors 
at each stage of culture, we obtain the curve (dotted line) for the bacteria which 
were sensitive to 0.02 U/ml. of penicillin. Curves C and D represent’ the growth 
curves of the bacteria which were resistant to 0.08 and 0.12 U/ml. of penicillin, 
respectively. These bacteria could be picked up from the culture only at later 
Stages of cultivation. This fact may be interpreted in two ways; either they had 
existed from the beginning and escaped our observation owing to their sparse 
population, or they might have appeared spontaneously during the multiplication of 
the bacteria resistant to 0.02 U/ml. of penicillin. 

An experiment with the same principle as above was performed also with a 
strain of S. aureus which had 
been made strongly penicillin- 
resistant by successive cultures 
in the presence of the antibiotic. 
A strain which could grow freely 
in the presence of 110 U/ml. of 
penicillin was inoculated in the 
medium containing 440U/ml., and 
the fates of highly resistant and 
less resistant cells were traced 
by counting the number of cells 


growing subsequently on the 


media containing 0, 440 and 1760 Tine eineahours 
U/ml., respectively, of penicillin. Fig. 3. Growth curves of penicillin-resistant strain 
As may be seen from the curves (resistant aginst 110 U/ml) of S. aureus in the presence 


of 440 U/ml. of penicillin, showing further selective 
growth of more resistant mutants. Curves A, B and C 
were essentially the same as stand for the time course of number of total viable 
those of the preceeding experi- cells, cells resistant to 440 U/ml. and cells resistant to 
1760 U/ml. of ‘penicillin respectively. 


in Fig. 3, the results obtained 


ment. 
Discussion i 


The experiments described above showed convincingly that the rise of growth 
curves observed in the culture of S. aureus or E. coli in the presence of the drugs 
investigated is attributable to the development of resistant cells at later stages of 
culture. Extensive studies, to be reported elsewhere, using a large number of anti- 
bacterial substances have made it probable that similar phenomenon occurs when 
either E. coli or S. aureus was cultured in the presence of the following drugs: 

Malachite green, sublimate, acriflavine, cyanine dyes, sodium cyanide, strepto- 
thricin-like substance, streptomycin, flavomycin, chloramphenicol and colchicine. 
As it was the case with the drugs investigated in the present study, the population 
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of the ordinary strain of either E. coli or S. aureus used in our experiments are 
more or less heterogeneous in respect to the resistance of individual cells against 
these substances (Yanacita, Morimura & Sasa, 1952). When exposed to a Critical 
concentration of these substances, sensitive cells are weeded out, while the growth 


of resistant cells remains unaffected or only partially suppressed. During the multi- 


* 


plication of these cells the mutants with still higher resistance may appear Spon- 


taneously (DemEREc, 1948), which will entail the ascension of the growth curve at 


later stages of culture. By successive cultures in the media containing increasing 
amount of these drugs, the population of S. aureus will be made more and more 
homogeneous in respect to the resistant individual cells towards the substances. 
There is, however, a certain limit to such a “selection”, and therefore a limit of 
“aquisition” of resistance towards each drug, at which stage the population will be 
composed of a clone of most resistant cells. With such a strain there can occur no 


subsequent rise of growth curve as was shown by the experiment illustrated in Fig. 1-F. 


Summary 


~ (1) When ordinary strains of S. aureus or E. coli were cultured in the presence 


‘of penicillin or streptomycin, the growth curve showed a characteristic upswing at 


later stages of culture. This phenomenon was shown to be due to the development 
of resistant cells which either had existed sparsely in the original inocula or had 


_° spontaneously appeared as a mutant during the growth of less resistant cells. In 


contrast to the bacteria mentioned above, L. casei produces a population which is 
quite homogeneous in respect to the resistance of individual cells towards penicillin 


and streptomycin. In the culture of this bacterium, there occurred no upswing of © 


growth curve in the presence of said antibiotics. 


' (2) The rise of growth curve owing to the development of resistant cells was | 


-also observed when ordinary strain of S. aureus was cultured in the presence of 


furacin, a strain was obtained which may be regarded as practically “pure” or 


homogeneous in respect to the resistance towards the drug. With this strain no ascen- — 
_ sion of the growth curve occurred at later stages of culture in the presence of furacin. 


(3) The possibility of the occurrence of selective growth of spontaneous mutants 
under the influence of various antibacterial substances was discussed. 
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Uber die Algenproteinase. 
(Dritte Mitteilung uber Pflanzenproteasen”) 


Von Yasuo TAZAWA* und Ayako MIWA 
HIRE, SMeF: Pre rere ¥ICOMC. GHEMEATHMEK OV ct OM 3H) 


Eingegangen am Oktober 20, 1952 


Unsere Kenntnis tiber das proteolytische Enzymsystem in Algen ist bis jetzt noch 
unzureichend. Zwar wurde es schon friiher von B. ALEEFF2) an Pedistrum Borganum 
und Kirchneriella lunaris dargetan, dass das Plasmaprotein dieser Grtinalgen beim 
Uberlassen im Toluolwasser einer ziemlich starken Autolyse unterliegt. Jedoch wurde 
die Frage dabei noch offen gelassen, ob irgendein an diesem Vorgange beteiligtes 
Enzym tatsadchlich aus Algenzellen extrahierbar sei oder nicht. In Anbetracht dieser 
Sachlage habe ich einige Versuche mit Evzsenia bicyclis und Porphyra tenera angestellt, 
um damit die Algenproteinase darzustellen und ihre enzymatische Natur kennen- 
zulernen. ; ; 

Die Algenthalli wurden unter Toluolzusatz einer “langandauernden Autolyse 
unterworfen, wobei die NH2-N-Zunahme an Eisenia zu 4.56 Proz. des Gesamtpeptid-N, 
und an Porphyra zu 4.46 Proz. des Gesamtpeptid-N erreichte. Aus dem Autolysat 


liess sich unter Verwendung der Reinigungsverfahren wie Adsorption an Kaolin, 


Elution mit verd. Ammoniak, Dialyse und Acetonfallung, ein proteolytisches Enzym 
in pulverigem Zustande darstellen. Die proteolytische Aktivitat wurde an diesem 
Enzympraparat nach der Angabe von W. GrassMANN u. H. DyckerHorr® bestimmt, 
mit dem Ergebnis, dass 100mg des Eisenia-Enzyms zu 1.05 Hefe-Pr.-E., und 100mg 
des Porphyra-Enzyms zu 1.30 Hefe-Pr.-E. entsprechen. 

Um weiter eine tiefere Einsicht in die Natur der Algenprotease zu gewinnen, 
habe ich den Einfluss der Wasserstoffionenkonzentration auf die Aktivitat gegen 
Gelatine sowie die Bestandigkeit des Enzyms untersucht. Die Versuche ergaben, dass 
das Aktivitatsoptimum im pH-Bereiche 5.0-6.0 liegt, und dass das Stabilitatsoptimum 
im pH-Bereiche 4.0-8.0 liegt. Zur Ermittelung der enzymatischen Spezifitat wurden 
die Spaltungsversuche mit Glycyl-pL-asparagin, L-Leucylglycylglycin, Benzoylglycin, 
Benzoylglycylglycin, Eisenin (d. i. Glutaminylglutaminsaureanhydrid-alanin®) und 
Gelatine bei verschiedenen pH-Bereichen ausgeftihrt. Dabei hat es sich ergeben, dass 
das Enzym ganz frei von jedweder peptidatischen Wirkung ist. 

Gestiitzt auf die schon friiher von uns» erhobene Feststellung, liegt es hierbei 
nahe anzunehmen, dass die Algenproteinase der Kategorie von Papainasen bzw. 
Kathepsinasen angehoren miisse. 


* Biologisches Laboratorium der Universitat zu Niigata. 
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Beschreibung der Versuche. 
I. Darstellung der Enzympraparate. 


Eisenia-Proteinase: 400g der lufttrocknen Thalli von Eisenia bicyclis Setchell 
wurden zerschnitten und pulverisiert, mit 21 Toluolwasser versetzt, und einen Monat 
lang bei Zimmertemperatur stehen gelassen. Das autolysat wurde filtriert, und das 
klare Filtrat wurde im Cellophanmembran 3 Tage gegen fliessendes Wasser dialysiert. 
Die dialysierte Enzymlosung wurde bei 40° unter stark vermindertem Druck eingeengt 
und in Aceton eingetragen. Der dabei abgeschiedene Fallungskorper wurde auf 
Glasfilter gesammelt, mit Alkohol und Ather nachgewaschen und im Exsikkator 
tiber Schwefelsaure getrocknet. Ausbeute betrug etwa 2kg. 

Porphyra-Proteinase: 2kg der frischen Thalli von Porphyra tenera Kjellmann 
wurden mit 21 Toluolwasser versetzt. Nach einmonatlicher Aufbewahrung bei Zim- 
mertemperatur wurde die Aufschwemmung filtriert. Die. abfiltrierte Enzymlosung 
wurde mit Kaolin von Merck zugesetzt und zentrifugiert, wobei die Aciditat der 


Fliissigkeit von pH5.6 auf pH 3.7 steigte. Das Adsorbat wurde im Wasser verteilt, 


mit wassrigem Ammoniak zu pH 9.0 eingestellt und zentrifugiert. Das ammonalkali- 
sche Eluat wurde im Cellophanschlauch unter Toluolzusatz gegen fliessendes Wasser 


_dialysiert. Aus der eingeengten Innen-Fltissigkeit wurde das Enzym durch Behand- 
- lung mit Aceton und Ather im Zustande fast farblosen Pulvers erhalten. Ausbeute 


: 


Die auf diese Weise dargestellten Enzympraparate gaben bei der Biuretprobe 
eine rosarétliche Farbe, wahrend sie sich weder durch Erhitzung noch durch Sitti- 
gung mit Ammoniumsulfat ausfallbar erwiesen, was auf ihre Peptonnatur hindeutet. 


II. pH-Abhangigkeit der Gelatine-Spaltung durch Algenproteinase. 


_ Anstellung der Versuche und Bestimmung der Aktivitat: 1ccm Ansatz enthielt 
60 mg Gelatine und 10mg Enzym, daneben verschiedene Menge der Salzsiure oder 
des Ammoniaks als Puffer. Toluol als Antiseptikum. Versuchstemperatur 30°. 


« 


Tabelle 1. 


Aktivitat (COOH-Zunahme in ccm 
Zusatz als Puffer mM H 0.025 -KOH) 
pro lccm Ansatz P 


Eisenia-Proteinase | Porphyra-Proteinase 


HCl 0.08 2.0-2.2 SOO 0.30 
HCl 0.04 3.2-3.8 0.85 1.00 
— — 5.4-6.0 2.10 2.60 
NHjOH 0.02 6.6-7.2 7 2.55 
NH4OH 0.04 7.8-8.2 1.10 w= 
NH,OH 0.10 8.8-9.4 . 0.80 1.50 
HCN* 0.04 5.2-5.8 = 2.55 


* Als Aktivator zugesetzt. 
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Einwirkungsdauer 24 Stdn. Die Aktivitat wurde durch Titrationsmethode nach R. 
WILLSTATTER mit 0.025 2-KOH bestimmt. 


Die Ergebnisse sind in Tab. 1 und Fig. 1 angegeben. 


-X-X- Porphyra-Proteinase 


-O-O- FEisenia-Proteinase 


COOH-Zunahme in ccm 
0.025 n-KOH——> 


OeOeres 0 et eO 1.0) | GLO" 7.0 Sr 90 
pH, ——-> 


Fig. 1. 


Il. pH-Abhangigkeit der Bestandigkeit des Enzyms. 

Darstellung der Enzymlosung: In 4ccm der mit variierender Menge der Salzsaure 
oder des Ammoniaks zubereiteten Pufferlosungen wurden je 50mg Eisenia-Enzym 
gelost, und unter Toluolzusatz bei 30° aufbewahrt. Nach 24 Stunden wurden 2ccm 
jeder Enzymlosung entnommen, und darauf mit 1ccm HCl-NH,OH-Pufferlosung 


zugesetzt, um damit die Aciditat der Mischung auf pH 5.2-5.6 einzustellen. Als ¢ 


Kontrolle diente die frisch dargestellte Enzymlosung. 

Versuchsanstellung: 3ccm der obigen Enzymlésungen wurden mit 3ccm 10 proz. 
Gelatinelosung zugesetzt, und unter Zusatz von Toluol bei pH 5.2-5.6 stehen gelassen. 
Versuchstemperatur 30°. Einwirkungsdauer 24 Stdn. 

Bestimmung der Bestindigkeitsgrade: In 2ccm Ansatz sind 100mg Gelatine, 


Tabelle 2. 
{ 
Enzymlosung Bestandigkeit 
Aktivitat mee 
pees Puffer mM pro 1ccm pH der |(COOH-Zunahme forte ce 
P Annie Ansatz ~| Losung in ccm (%) 
0.025 n-KOH) 
12.5 HCl 0.20 1.0 0.30 13.6 
12.5 HCl 010 1.2-1.4 0.75 34.1 
12.5 HCl 0.05 2.2-2.6 1er5 52.3 
12.5 HC] 0.02 3.6- 4.0 2.10 93.8 
12.5 HCl 0.001 5.0 -5:4 2.29 100 
12.5 NH4,OH 0.01 7.2-7.6 2.25 100 
12.5 NH,OH 0.02 8.0-8.4 2.20 97.8 
12.5 NH,OH 0.05 9.6-9.8 1.50 68.2 
Kontrolle bz 2.25 100 
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eine Enzym nebst varachiadené? Menge von Salmiakpuffer enthalten. Die Bestim- 
me mung der Enzymaktivitat 


sf ety wurde wie iiblich durch 
. ? id Titrationsmethode ausge- 
Bee OO fiihrt, und die dabei ge- 
3 a | messene COOH-Zunahme_, 
BS 3 of wurde in Prozenten von 
ee, g io dem Wert, der bei 
= ais, "oo Kontrollversuche ergeben 
“ é E a wurde, als Bestandigkeits- 
Re s grad ausgedriickt. 

% = Die Ergebnisse sind in 
4 “g 1,0) 2407350" 18.07 5.0)) 6.0 “7.0 v8.0... 9.0 Tab. 2 und Fig. 2 zusam- 
i rN mengestellt. 

‘ e Fig. 2. 


IV. Spezifitat der Eisenia-Proteinase. 


ia 
* 
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, Versuchsanstellung: 1ccm Ansatz enthielt 60mg Gelatine bzw. 0.05mM Poly- 


Ar ar 


FE, 


oy peptid, 10mg Eisenia-Enzym, und verschiedene Menge der Salzsdure und des 
- Ammoniaks als Puffer. Toluol als Antiseptikum. Versuchstemperatur 30°. Einwir- 
-kungsdauer 24 Stdn. ' 

a Bestimmungsmethode : Die COOH:Zunahme wurde durch Titrationsmethode mit 
x 0.025 u-KOH bestimmt. Der Spaltungsgrad wurde in Prozenten des maximalen 
_ Wertes, berechnet aus der spaltbaren Bindung, d.h. 1 (-NH-CO- Basti pro Mol. 
ne) t der Substrate gekennzeichnet. 


Die Ergebnisse sind in folgender Tabelle veranschaulicht. 


Tabelle 3. 
as : 
“¥ } ey COOH-Zunahme 
Wh Substrat pH in ccm awe ct 
) 0.025 n-KOH ss 
‘| Gelatine 5.0 2.10 a 
Glycyl-DL-asparagin 8.8 0.00 0.0° 
pal L-Leucylglycylglycin 7.0 0.00 0.0 
Benzoylglycin . 5.0 0.00 0.0 
Benzoylglycylglycin 5.0 0.00. | 0.0 
Eisenin 5.4 0.70 35.0 
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’ 


I found in the course of my studies on the effect of light upon various organisms S 


that monochromatic light produces potential changes in a medium of growing 
bacteria. A certain species of Actinomyces has some qualities which are very valuable 
to my investigations. The action current caused by light was generally so weak 
‘that a very sensitive galvanometer with a suitable periode had to be used. The 
general experimental arrangement used in this model investigation is illustrated in 
Fig. 1. . 

All culfures were grown on the usual pepton agar. They were kept in darkness 


at room temperature (20°-22°C). An agar plate covered with a bacterial film was 


cut into cakes, each 5cm-6cm in length and 0.7cm in width, one of which was 
arranged in such a manner as is shown in Fig. 1. The bacterial film covered only 
one half the agar cake, and a pad of cotton soaked with dilute solution of KCI 
(1/50 M) was placed on the other half of the cake. . 

On electrode a coiled silverwire, e, was placed beneath the bacterial film and 


the other distal electrode, e: on the pad of cotton mentioned above. Potential dif- 


ferences were measured as usual by Poggendorf’s compensation method with the 
galvanometer mentioned above as a zeroinstrument. The distal electrode was placed 
at a part of the medium sufficiently distant from the bacterial film in order to 


obtain responses set up on the proximal electrode only. Light was made to fall on 


an area of about 1cm in diameter of the bacterial film. The tip of the proximal | 


electrode was placed at a distance 0.2 to 0.3cm from the margin of the area 


illuminated to avoid some physical affect due to illumination of the silver electrode. 


Measurements were done usually at a constant interval of 10 or 20 seconds, but in 


some experiments at every 5 seconds or every 15 seconds. 

In my experiment, special attention was paid on the culture condition. All 
bacteria used should be fresh and sufficiently dark-adapted, or they will not give 
any conspicuous result but a slight response characteristic of what is called transi- 
tional changes. 

These samples should not be kept for any length of time in low temperature, 
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and great care is needed to prevent changes in temperature or other stimulation. 
The light source used was a Mazda 100 watt incandescent lamp and the monochro- 
matic light were obtained by means of Mazda glass filters. Intensities of light were 
altered by varying the distance of the lamp from the preparation. 

Before the description of results it must be noted that the potential changes 
illustrated below are not due to artifacts. Many control experiments were perform- 
ed previously to furnish definite proof that the electrical currents obtained are 
actually produced by organism; for example, the two day culture was most sensitive 
to the light, while the other day cultures (1-5 day culture) gave only slight and 
irregular responses to the light. The activity of organism was restored by addition 
of a small amount of peptone (0.1%). If the respiratory system was inhibited by 
0.01% KCN no potential change could be evoked by the light. When the culture 
was pre-exposed to low temperature below 17°C or above 27°C, the response to light 
was considerably reduced. 

Responses of Actinomyces to relatively strong blue light are shown in Fig. 2, A- 
C. The proximal electrode began to be negative against the distal one about 20-30 


* 


Fig. 1. Device for measurement of action potentials of Actinomyces. 1 
and e2 represent different and indifferent electrodes respectively. L: light, 
a: agar plate, b: bacterial film, c: pad of cotton soaked with m/50 KCl, e1: 
different silver electrode (proximal electrode) e indifferent electrode (distal 
electrode) 


seconds after onset of the light stimulus and attained a maximum in about 30-60 


_ seconds to decrease gradually to the initial level. In some cases, however, it was 


observed that the polarity was reversed after having reached the initial level (see 
B). 

Generally the magnitude of responses to light increases with duration and in- 
tensity of illumination. In some cases, however, reactions were found almost inde- 
pendent of stimulus intensities above the threshold. (all-or-none type). After 
repeated stimulation, decreases in amplitude of potential change were always 
observed (the socalled fatigue or adaptation). When the light intensity was raised 


_ above 700lux or the duration of illumination was prolonged, more complicated 


effects were caused. 


} 
’ 
’ 


ug 


a anit a Pe 
en or tt 


_. Mar.—Apr. 1953 Bot. Mag. Tokyo, Vol. 66, No. 777—778 83 
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The fresh bacteria manifested, on the other hand, a reverse reaction when it 


was exposed to red light (designated as “ positive”). Curves of the type shown in 


Fig. 2, D were common at low levels of stimulation of the order of 100lux. The 


_ latent period was found to be of the order of from 5 to 10 seconds. 
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Fig. 2. Potential changes of Actinomyces caused by blue and red light. Upward direction * 


is negative.. Time mark: 10 sec. Scale: 10 milivolts. A-E; from the top to the bottom. 

A. Exposure of 30 seconds to blue light, of 380lux.. Curves show negative variation of 
electric potential (upward direction). 

B. Exposure to blue light of 630lux. Curves show diphasic variation. 

C. Three responses to blue light of. 150lux. The second response is smaller than the 
first (adaptation). The third is as large as the first because sufficient recovery time of 250 sec. 
was allowed. 

D. Excitation caused by red light of low intensity showing reversed action potentials 
(designated as positive). The second response is greater than the first (facilitation). 

E. Exposure to red light of 200lux. Two sorts of diphasic curves are shown. 


When the quantity of light was sufficiently small the positive variation used to 


end in a few seconds. Such a small variation of potential could, however, scarcely 


be observed in experiments with blue light. At lower intensities of red light than 


150lux the magnitude of response was fairly proportional to the intensity, but at 


intensities above 200lux to our no small astonishment, photoelectric responses failed 


to appear or were found extremely feable (Fig. 2, E). 


In such cases potantials were no more so monophasic as those seen in Fig. 2, D, 


but diphasic in the following manner. The potential was positive at first, gradually 


declined to zero and became negative as is indicated by the continuous line in 


Fig. 2, E. Sometimes, however, a positive deflection was preceded by a negative 


one as is shown by the broken line in the same figure. As stated above, it depends 


greatly upon intensities of illumination which of the types, D or E, we obtain, but 
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the intensity is not the ate pea) it seems also to depend on temperature, adapees 
7 ation conditions, the growing state of bacteria and other unknown factors. White 
cs light mostly gives the type E over a wide range of intensities (150 lux.-700 lux.). In 
this cases potentials fluctuate around the zero-level showing no regular rise with 
mae increasing intensities of light. 
Now let us proceed to the next question. I discovered in the course of my ex- 
periment that removal of red light was attended with marked electrical changes 
_ when the light intensity was relatively low; when red light was turned off, an 
BM Aditional response, was obtained as is indicated in Fig. 3. This interesting feature 
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Fig. a. Off-response of red light. Dots represent the potentials at the movement 
of cessation of illumination. Magnitudes of off-response (solid squres) were measured 
15 seconds after cessation of light (each dots). A: 150lux, B: 65 lux, C: see text. 

un was experimentally confirmed to be an actual expression of cell activities, . This off- 

- effect of red light deserves attention, because no such type of physiological effect is 

ys Raker in the field of light physiology of plants, i 

; wu __ The present paper has an aim to describe this new fact and to discuss its nature | 

probably underlying the process of light stimulation. ‘The properties of the off- 

effect will be described in some detail. If a favorable strength and duration of light 


_ were chosen there occurred a significant rise of potential in positive direction about 
- from 3 to 5 sec. after onset of darkness. 
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. The magnitude of such an effect was increased to a certain extent as the dura- on 
tion of illumination was prolonged, but decreased when the illumination was too ; 
long; thus there is an optimal duration of illumination for the off-effect of red light. Be 

we 

This relation is shown in Fig. 3, A and B, in which off-responses are denoted by “See 


solid squares. Dots in the figure represent the potentials at the movement of cessa- 
tion of illumination. The curve connecting these dots may be regarded as represent- 
ing a curve for continuous illumination; as a matter of fact, the curve of potential 
changes determined during the course of a continuous illumination fairly well 
coincided with the curve constructed above with the data obtained by repetition of 


illumination. This curve represents the reference level for each off-effect. 


The off-effects marked by solid squares were measured exactly 15 sec. after each 
turning off of the red light. The magnitudes. of off-effects are given by the differ- 
ence between the ordinates of solid squares and the corresponding ordinates of the 
control. As can be seen in A and B, the optimal duration of illumination was be- | 
tween 50 and 60 sec. both at 150lux and at 65lux. Making a comparison of the a 
curve for the intensity of 150lux with that for 65lux, it may be noticed that the ag 
magnitude of off-effect increases with the intensity of red light. This effect, however, ae. 
became less conspicuous when the light intensity of red light was raised above 200 ; 
lux and could scarcely be seen above 500 lux. 

Similar off-effects were obtaind with white light, though to a lesser extent than 
with red light, and their relation to the intensity of light was found to be similar 
to each other in both cases. Rai ; mp 

In the course of this experiment, I found by chance that repeated stimulation 
with red light evoked a marked potential change in positive direction even in such 
a bacterial film as would not respond to any single illumination (Fig. 3, C). This 

. phenomenon will be touched later. ; 

Previous to begin a discussion, a summary graph (Fig. 4) is present to make 

clear the problem. It contains representative curves for blue (b), red (r), and white 
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Fig. 4. Typical curves showing relation between the potential changes and wave-length of light; 
b, Curve for blue light 60 seconds illumination at 630 lux. 
w, Curve for white light showing fluctuation along zero milivolt line. 
r, Curve for red light of 65 lux. 
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light (w) respectively. The middle curve represents a feature of reaction upon 
white light. Generally such complicated curves were obtained usually with white 


light, depending little upon the intensity. 


Discussion 


It appears from the results obtained above that there is a considerable difference 
between the blue process and the red one. Since Blaauws investigation on photo- 
tropism, several workers have claimed the effectiveness of short-wave lengths 
(Castle? ; Johnston” ; Biinning®). With regard to the action of blue light which 
elicits a reversible excitatory process, we must keep in mind the Wald’s principle 
which have received a general acceptance (Wald; Hecht). 

As to the action of red light, reasonable interpretation can not be as yet made 


from my present data. Brauner® dared to set forth his permeability theory for 


explaining the negative phototropism of Phaseolus multiflorus evoked by red light. 
There is no doubt that red light exerts more significant influence upon a certain 
growth process than do other spectral lights as shown by several investigators 
(Burkhorder” ; Borthwick and others*). 

However, it is an open question whether or not there is any relation between 
the growth and the potential changes evoked by red light. 

The second question to be settled is to analyse the action of white light is. The 
mechanism of potential fluctuations produced by white light is obscure, but it is” 
not impossible to interpret this phenomenon in the following manner; the white 
light used consists of monochromatic light of various wave-lengths including blue 
and red lights. If different components of the white light cause potential changes 
of different direction it is to be expected that the observed potantials would be 
small in magnitude as a result of cancelling out of positive and negative potentials 
to fluctuate around the zerolevel as was really observed in the experiment with 
white light. 

As a matter of fact, we have seen above that potential of opposite direction 
are caused by red light and blue light which are two significant components of 
white light. 

The most interesting fact observed in the present experiment is that the effect 
of red light upon positive potential is not proportional to the light intensity. . Properly 
speaking it may be natural that the response to light, whether blue or red, should 
become more pronounced as the intensity is increased. ‘The validity of this relation 
has been accepted by a number of investigators who worked upon tropic curvature 
of higher plants (Nuernbergk”). , The reverse, however, was the case in my experi- 
ment; at intensities above 250 lux, the responsé to red light decreases in magnitude 


as the intensity increases. At a sufficiently high intensity the curve fluctuates around 
the zero-line. 
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Next, the off-effect observed above will be discussed. The fact that a deflection 
of potential increases at turning off of red light is an outstanding phenomenon 
similar to the off-effect observed in the eyes of Cephalopod, some insect and other 
animals (Thermann™ ; Bernhard"), The off-effect of the eye was interpreted by 
Granit!2) as a release phenomenon, based on the disappearance of inhibition which is 
brought about by illumination. The fact mentioned above that the positive potential 
caused by red light decreases on increasing its intensity above a certain level, may 
be interpreted in such a manner that some sort of inhibition is produced by strong 
red light. If this interpretation is correct, it is quite mechanical] that an off-effect 
should appear as a release phenomenon, when the inhibition so produced disappears 
on turning off the red light. 
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The Evolutionary Concept of the Morphology of Endosperm =~ 
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"eg Introduction 

a 

bie The variance in the chromosomal composition of the endosperm of angiosperms 
i has resulted in an increasing number of speculations regarding its morphology. The 


- a _ replacement of the archegonial apparatus by the embryo sac, with which the endo- 
sperm is associated, has further complicated the problem of assigning to the endo- 
et sperm a definite position in the present categories of structures based on chromosome 
et _ number, viz. gametophyte and sporophyte. In view of the present trends in genetical 
and embryological research, the need for elucidating the morphological nature of the 
| ‘endosperm appears genuine. 

This paper aims at a critical review of the older theories of endosperm morpho- 
- logy and evolves, on the basis of recent researches, a plausible hypothesis which 


{83 explains the basic nature of various developmental abnormalities in the endosperm 


=: } . : 
bait. of angiosperms. 


Theories of Endosperm Morphology 


As early as 1858, Hofmeister stated that the endosperm was a gametophytic 
aa tissue, and that its growth was postponed till the pollen tube entered the eee 
es if sac. Since this opinion was held previous to the discovery of “ syngamy ” and 
rs “double fertilization ”, it has only historical interest. 

ee re In 1884, Strasburger discovered syngamy and in 1887, Le Monnien suggested that 
, he : the fusion of the polar nuclei is equivalent to the act of fertilization. According to 
s! ‘this view, therefore, the endosperm is a tissue of sporophytic nature and is actually 
_ another embryo modified for the nutrition of the first. Later investigation, however, 
revealed that the fusion of polar nuclei is not comparable to the act of fertilization, 
ee for does the so-called second embryo always contain a diploid number of chromo- 
uP somes. 

Nawaschin announced the discovery of “ double fertilization” in 1898 and regard- 
ed “triple fusion” as equivalent to normal fertilization, so that the endosperm was 
adjudged to be homologous to the normal embryo. Basing her conclusions on this 
= view, Miss Sargant (1900) explained the absence of a struggle for existence between 
the two embryos as due to the participation of a vegetative nucleus from the 


‘ _ * Department of Botany, University of Allahabad, U.P., India. 


~ e 7 


a 
Re 7 ray & 
a 4 y vi yous Sect Oe 


‘optim aie 
as 


uf 


_ Mar—Apr. 1953 “Bot, Mag. Tokyo, Vol. €6, No. 777—778 89 


chalazal quartet in the formation of the second embryo. She homologised the 
micropylar polar nucleus to the egg and stated that the second embryo was 
“maimed” since its origin because the chalazal polar nucleus upset the chromo- 
somal balance. Thus the endosperm was believed to be a degenerating sporophyte. 


Sargant’s views were based on the assumption that the involvement of the 


chalazal polar nucleus brings about a degeneration of the resultant formless tissue. 


It has, however, been recorded that the endosperm with its abnormal chromosomal 
constitution exhibits more vigorous growth than the embryo itself. Further, cases 
have been recorded where the endosperm is not a product of “triple fusion”, as in 
Oenothera suaveolens (Hoeppener and Renner, 1929), Balanophora (Kuwada, 1928; 
Zweifel, 1939: Fagerlind, 1945) and Butomopsis (Johri, 1936). In these cases only the 
micropylar polar nucleus is fertilized and.a normal endosperm (diploid) is produced. 


If Sargant’s theory were correct, this diploid “embryo” should exert for its survival, 


a fact absent from developmental studies. Thus Sargant’s views on endosperm 


morphology have only a very limited application. 
Strasburger in 1900, interpreted “triple fusion” as a growth stimulus. He con- 


” 


sidered the endosperm to be a “ belated gametophyte” which was initiated only after 


fertilization of the egg was ensured. He explained this postponement in the develop- 


ment of the gametophyte as an expedient adopted to prevent the waste of material 
accompanying every unfertilized ovule. “Triple fusion” acted as a sitmulus which 
prompted the growth of the gametophyte after fertilization had taken place. 


The origin of “triple fusion” as a growth stimulus has received confirmation at _ 


the hands of recent workers. Battaglia (1951) has concluded, from a study of 
apomictic species of angiosperms, that “the union of secondary nucleus and male 
nucleus serves primarily as a mitotic stimulus”. It is, however, certain that the 


” 


fusion of the male nucleus is not an “absolute” sine qua non for endosperm forma- 
tion but a stimulus is, nevertheless, necessary. This is clearly demonstrated by the 
studies on Taraxacum (Fagerlind, 1947; Battaglia, 1948), Chondrilla (Bergman, 1944; 
Battaglia, 1949), Evigeron (Bergman, 1944; Fagerlind, 1947a; Battaglia 1950), 
Hieracium (Rosenberg, 1930), Elatostema (Fagerlind, 1944) and other parthenogenetic 
species. Thus, Strasburger’s views on the universal function of “triple fusion” are 
not very correct. . ia 
Strasburger’s idea that the endosperm is a belated gametophytic tissue must 
also be abandoned in view of the existence of an increasing number of embryo sacs 


where the characteristic haploid nature of the endosperm is lacking: 


Thomas, quoted by Sargant (1900), was of opinion that the second male nucleus 


probably imparts to the resultant tissue a chromosomal status which better suits 
the needs of the embryo arising from a similar stock. In 1910, Nemec suggested 
that “triple fusion” serves a dual role in endosperm formation ; first, of initiating 
its development and second, of creating for the embryo a “ physiologically compatible ” 


tissue. 
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Brink and Cooper (1940, 47), explaining the nature of the endosperm, pointed - 
’ out that “double fertilization” “emerges aS a mechanism which enhances aggressive-. 


ness of the endosperm through the physiological advantages of a hybrid condition. 
It may also be thought of as a compensatory device tending to offset the disadvan- 


_ tage in reproduction associated with the extreme reduction of the female gameto- 


phyte in angiosperms.” On examination, the views of Thomas, Nemec, and Brink & 


Cooper would appear to be based on the assumption that a male nucleus invariably 


participates in endosperm formation. But this is not-a universal phenonenon. 


Secondly, reports of a normal endosperm in parthenogenetic plants repudiate the 
suggestion of “aggressiveness of the endosperm through the physiological advantages 
of a hybrid condition.” Again, the views of Thomas and Nemec stress the physio- 
logical suitability of the “ hybrid” endosperm for the growing embryo. The chromo- 
somal constitution of the angiospermous endosperm has, however, been so variable 
that such a statement needs no further arguments for refutation. 
' Battaglia (1951) questioned the propriety of the term “double fertilization” and 
stated that “the significance of the normal union (of polar nuclei) with a male 
nucleus is evidently that it furnishes stimulation to overcome a phase of mitotic 
inertia.” 

The views of Brink and Cooper, and Battaglia do not throw any light on the 
morphological nature of the endosperm. 


Phylogenetic History of the Endosperm 


With the background of such conflicting opinions, an exclusive and systematic 
study of the origin and nature of the endosperm of spermatophyta merits attention. 
In a large majority of gymnosperms, the endosperm is, in effect, only the 
vegetative portion of the female gametophyte which is wholly formed before fertili- 
zation. In addition to this tissue, in exceptional cases, there is produced, a small 


amount of nutritive tissue by the fusion of a male nucleus and the ventral canal 


nucleus. Such cases have been recorded in Thuja (Land, 1902), Abies balsamea 
_ (Hutchinson, 1915), Pseudotsuga taxifolia (Allen, 1943) and Ephedra (Herzfeld, 1922; 


Khan, 1940; Mulay, 1941). As a result of this fusion in the archegonium, a small 


_ amount of vegetative tissue is produced which is used up by the embryo during 


growth.- 

In Gnetum and Welwitschia (Pearson, 1929), in which the female gametophyte 
is either free nucleate or composed of multinucleate compartments at the time of 
fertilization, the nuclei in the multinucleate chalazal compartments fuse and form 
uninucleate cells. These undergo cell division to produce the final endosperm. 


Before fertilization, in angiosperms, there is present in the central part of the 


embryo sac, a secondary nucleus (product of*the fusion of two polar nuclei) or a 
“proendospermatic cell” (containing two distinct polar nuclei). In the chalazal part 
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of the embryo sac, there is present a variable number (usually three) of uninucleate 
compartments, the antipodals. In some cases they have been found to be binucleate 
as the superior antipodal in Rudbeckia purpurea (Battaglia, 1946), Rudbeckia bicolor 
(Maheshwari and Srinivasan, 1944), Artemisia (Diettert, 1938) and Grindelia 
squarrosa (Howe, 1926). In Artemisia and Phyllis (Fagerlind, 1936), there is a very 
-variable number of nuclei in antipodal cells and the antipodals ‘of Caltha palustris 
(Grafi, 1941) exhibit a varying degree of polyloidy. In certain Gentianaceae and 
Gramineae the number of antipodals is variable, while in Sasa paniculata (Yamaura, 
1933), a member of the Bambusae as many as 300 antipodals are present. Battaglia 
(1910) has reported mitotic activity in the antipodals of Ligularia Kaempferi before 
fertilization. This phenomenon of “ polyantipody” is regarded as a representative 
of prefertilization endosperm in ‘angiosperms. 

Simultaneous with the union of the egg and one male nucleus is the fusion of 
the second male nucleus and the secondary uncleus. This fusion product gives rise 
to a mass of free nuclear or cellular tissue which is consumed by the growing 
embryo. The endosperm initial sometimes divides and produces a normal endosperm 
without fusing with a male nucleus (vide supra). 

Thus the endosperm is spermatophyta is of two distinct categories, pre-fertiliza- 


tion and post-fertilization. The phylogeny of the Spermatophyta endosperm ‘can be — 


summarised thus: 


Primary 


A Secondary 
Group Section Endosperm Endosperm 
Gymnosperms general gee nae et x 
it Thuja, Abies Pseudo- 7) Tissue formed by the 
tsuga and Ephedra fertilization of the 
ventral canal nucleus 
(Diploid) : 
72 Gnetum and Welwi- | Free nucleate or multi- | Tissue formed by the 
tschia nucleate-cells of female | division of uninucleate | 
gametophyte (Haploid- | cells (Polyploid) 
polyploid) 
Angiosperms Gentianaceae, Gramineae| Tissue formed by poly- | Tissue formed by the 


and Caltha palustris etc. 


antipody (Haploid to 
polyploid) 


division of the endo- 
sperms initial (Diploid 
to polyploid) 


general 


” 


In such a review of the phylogeny of the endosperm, another feature can be. 
easily observed. This concerns the mounting importance of the process of “ stimu- 
lation ”’. 

In gymnosperms, the gametophyte which functions as the embryonic nutriment 
develops to its full stature without any stimulus. In Thuja, Abies Pseudotsuga and 
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. _ Ephedra where the ventral canal nucleus is not ephemeral, stimulation is naed 
-. from the fusion of the male nucleus with the ventral canal nucleus and the few 
- mitotic divisions from the post-fertilization endosperm. In Gnetum and Welwitschia, 
y 


the post-fertilization endosperm is almost exclusively developed through the agency 
of the stimulus provided by the fusion of the nuclei in multinucleate compartments. 
Polyantipody of certain angiosperms is again an instance of stimulation by the 
fusion of nuclei in polynucleate antipodals. Finally the secondary endosperm of 


most angiosperms develops only after the stimulation provided by fusion of polar 


es ‘nuclei is supplemented by the fusion of the male nucleus. 

et ; iT 

a polar Evolutionary Concept of Endosperm Morphology 

oe ; an ! rs J 
e . A critical examination of these facts of endosperm phylogeny elucidate the 
presence of three principal tendencies which gradually assume increasing significance 
Vonks) W 

7 tee in the developmental processes of the endosperm. ‘These are: 


_ (1) An increase in number of its chromosomes; (2) a shift in its position in relation 
ve re to fertilization ; and (3) an enhancing demand for stimulation in its initiation. These 
- ‘tendencies are perfectly harmonious with the idea of evolution in the endosperm 
Bie and its necessary genetical advancement. 

Thus, from the simple haploid endosperm of most gymnosperms, a progressive 
te can be traced upwards to Ephedra where there is a beginning of the forma- 
tion of a post-fertilization tissue. However, concurrent with the advance of the 

_ Sporophyte, there is an increasing necessity of stimulation. This coupled with the 
4 - shift _in the position of the endosperm, necessitates the provision of nuclear fusions. 
ee ty In. the initial stages of this process, the nuclear fusions are restricted to the female 
a parent alone, as in Guetum and Welwitischia. But a step further in the progress 

finds fusion of maternal nuclei an insufficient provocation for the development of 
I the endosperm. This can be attributed to the longer period for which the polar 
Rs “i nuclei of the angiosperms lapse into a mitotic inertia. This longer phase is over- 
es come by participation of the second male nucleus. Nevertheless, in a few primitive 
_ cases, the phenomenon of maternal nuclear fusions is retained for the pre-fertilization 
~ endosperm (polyantipody ). 

The course of evolution can now be traced separately in primary as well as 
secondary endosperm. s 


Primary: Hapioia ae AY ra ee ea Haplowd ob cis iauca te te Re Haploid to Polyploid 
- ms? (Gymnosperms multinucleate compartment (Gentianaceae, Gramineae 
Gt hs up to Ephedra) (Gnretum and Welwitschia) Caltha, Ligularia etc.) 
es. Be Secondary : Diploid (aia: avathicue See Polyploidh Sse tae tate cee ee Diploid to Polyploid — 
Bie * me (Ephedra etc.) (Gnetum and Welwitschia) (Angiosperms) 
-_-«*In the light of these lines of progress, the parthenogenetic cases in Taraxacum, 


é Brigeron, Antennaria and Hieracium etc. provide an interesting clue to the nature 
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of the endosperm. It is apparent that these cases represent a regressive series which 
displays a primitively constituted endosperm. But the advanced condition of their 
embryo sacs does not warrant such a primitivity. These can, therefore, be inter- 
preted as the advanced cases which display probably atavistic features of endosperm 


_development. However, the very existence of cases where the “ proendospermatic 


cell” .is capable of autonomous division to produce normal endosperm proves that 
the essential nature of the secondary nucleus is of fundamental importance in guiding 
E the destiny of the future endosperm. This nucleus forms the true endosperm initial 
and requires no aid in its future activity. In other cases, stimulus is required but 
the “original function” is not changed to the slightest extent. Thus the participa- 
tion of the second male nucleus is a purely adaptive phenomenon which occurs in 
the course of evolution. | 
Out of these evolutionary sequences in endosperm development, three facts 
emerge: (1) that the endosperm is formed invariably in all cases; (2) that it in- 
variably serves as the nutrient tissue for the embryo; and (3) that its composition 
is variable in accordance with a set pattern. 
The formulation of an evolutionary concept of endosperm morphology is the 
consequence of such an analysis. : 


Prima facie evidence establishes that the endosperm of angiosperm is a “ pre- 


destined tissue” designed from the first to serve as the nutriment of the developing 


embryo, in spite of a variability in its chromosomal make-up. The raison d’etre of 


of the endosperm being solely the nourishment of the embryo, adaptibe modifications 


of a physiologico-evolutionary type must be given preponderance in considerations ee 


of morphology. 
The basic material of the endosperm was a haploid tissue of gametophytic 


nature. This was gradually converted to diploid, triploid and polyploid state as the PA 
evolutionally series progressed. Even in the angiosperms, the composition of the 
endosperm varies. In primitive Oenothera it is diploid, in Polygonum, Adoxa and 


Drusa triploid, and in Ditepalanthus tetraploid. Pentaploid endosperm is present in 
Fritillaria, Plumbagella, Penaea and Plumbago, while a nonaploid condition is seen 


in Acalypha indica and species of Peperomia. In Peperomia hispidula the endosperm. 


nucleus is the fusion product of fourteen polar nuclei and a male nucleus, while in 
species of Pandanus even cells of the nucellus enter into the composition of the 
endosperm. 

This absence of a constancy in chromosomal constitution forms the basis of the 
hypothesis that the endosperm of angiosperms is a tissus sui generis which cannot 
be classified in the rigorous chromosomal categories, viz., gametophyte and sporo- 
phyte, and though haploid at origin, the final product at the end of the evolutionary 
sequence can no more be designated as either haploid or diploid. 
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Phylogenetic Considerations of the Fate of Male Nuclei 


In explaination of the behaviour of the second male nucleus, it has been stated : 
(1) The utilization of both sperms may be considered to be the result of the pre- 
sence, in the theoretical preangiosperms, of two equipotential male nuclei and (2) 
It seems probable that the interaction of forces, almost certainly physiological...... 
permits the union of male nuclei with both egg and secondary’ nuclei. (Battaglia 
1951) 

The gymnosperms being anemophilous, a large number of microspores are 
wasted. Of the many germinating microspores on the nucellus, a few send their 
pollen tubes to the archegonia. Usually, if the two male nuclei from one pollen 
tube enter one archegonium, only one male nucleus fuses with the egg and the other 
degenerates. Thus, in spite of a number of archegonia, male nuclei are wasted in 
most gymnosperms. Again, of the many embryos thus formed, eventually only one 
survives. Thus there is a three-fold waste of energy: (1) In the degeneration of 
one male nucleus per microspore, (2) In the formation of many archegonia in one 
ovule, and (3) In the formation and subsequent degeneration of all embryos except 
one. In cases where the second male nucleus fuses with the ventral canal nucleus, 
there may be distinguished a conservation of energy by avoidance of the first 
condition. In Guetum, the archegonia disappear and every one of the free nuclei of 
hte female gametophyte acts as a potential egg. ‘There is thus an attempt to secure 
the services of the extra male gametes. In angiosperms, with a tendency towards 
conservation of microspores by entomophily, there exists an extreme reduction of 
the female gametophyte, so that only one functional egg is present. Thus, the 
second condition is sucessfully counteracted. Now, in order to prevent the waste 
due to (1) and (3), the second male nucleus should neither degenerate nor give 
rise to a second embryo. j 

At this stage of evolution, the fusion of the polar nuclei fails to arouse the 
proendospermatic cell from mitotic inertia. 

The concurrence of these two conditions results in a physiological adaptation by 
which the second male nucleus fuses with the proendospermatic cell. This fusion 
prevents the waste of energy of all three types and furthers the growth of the 
endosperm. 

Thus, while the transposition of the endosperm from pre-fertilization to poets 
fertilization status may be reckoned to be a physiologico-evolutionary modification, 


‘the fusion of the second male nucleus with the endosperm nucleus may be regarded 


as purely physiological and a more or less coincident process, which has come to be 
stabilized in the angiospermous series. 
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Summary 


A critical review of the existing theories of endosperm morphology has been 
attempted. | 

In accordance with a reconsideration of endosperm phylogeny, an evolutionary 
concept has been suggested to explain the various aspects of the development of 
endosperm. Evolutionary trends have been discussed on three main lines: 

1. Increasing complexity in chromosomal constitution ; 

2. Gradual transposition in relation to fertilization ; and 

3. Dominance of mitotic inertia and demand for stimulation. 

Consideration of these guiding tendencies coupled with the existence in apomictic 
plants of an autonomous endosperm, has resulted in the formulation of the theory 
of the “ pre-destined” nature of the endosperm. | 

It is shown that the endosperm in angiosperms is a tissue sui generis which 
should not be classified in rigorous chromosomal categories. 

The role of physiologico-evolutionary modifications is shown to be reinforced by 
a purely physiological coincidence, the fusion of the second male nucleus with the 


proendospermatic cell. 
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The gametogenesis and the embryogeny of Sesamum indicum L. were reported 
by Nohara (1934). He observed the embryo sac formation but did not completed 
the study up to the stage of the embryo. However, Johansen (1950) states that the 
embryogeny of the Pedaliaceae probably follows the Onagrad type, judging from 
the inadequate illustrations accompanied by the rather meager accounts of the 


. embryogeny of Sesamum orientale, Martynia louisiana and Pedalium murex. The 
present study was undertaken to complete the embryology of S. indicum L., and 


the author attempted to compare the tetraploid strain induced by colchicine with 


the diploid with respect to the embryogeny. 


Materials for the present study were collected from the developing ovules from 
the young-bud stage to the mature-seed stage. For investigating the development 


- of the embryo, the flowers were castrated on the last evening previous to flowering 


and were artificially pollinated in the morning. “After the artificial pollination, 


fixations were made at intervals as follows: 4, 8, 14, 20, 24, 30, 45, 48 and 72 hours, 


and 4, 5, 6, 7, 8, 10, 11 and 12 days after the pollination. The Navashin’s solution 


was used for the observation of the embryo sac, and the Bouin’s for the embryo. 


3 Transverse and longitudinal sections cut 8-15 thick were stained with Heiden- 
~-hain’s or Delafield’s haematoxylin. 


Observations 


1. Diploid Plant 


EMBRYO SAC. An archesporium consists of 2 to 3 cells and one of them 
grows dominantly to make an embryo sac mother cell, which is readily distinguished 
from adjacent cells by its large nucleus and nucleolus (Figs. 1, 2). The embryo sac 
mother cell, enfolded in the nucellus (Fig. 3), produces four macrospores after 
maturation division. Of four macrospores, the three arranged on the micropylar 


side disintegrate, and the chalazal one develops into the embryo sac. Soon after 


* Biological Institute, Gifu University, Gifu. 
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Figs. 1-8: Fig. 1, transverse section of young ovule showing archesporial cells. x 500. 
Fig. 2, embryo sac mother cell, developed from the archesporium. 500. Fig. 3, embryo sac 
mother cell, enfolded in the nucellus. 320. Figs. 4-6, growing embryo sac. x500. Fig. 7, 
four-nucleate embryo sac. x500. Fig. 8, completed embryo sac. x 320. 


maturation division, a cavity which is to be occupied by the embryo sac has already 
been formed in the tissue of the ovule. The wall cells of this cavity are arranged 
neatly side by side, whereas in the interior the cells are unfastened and hypertrophi- 
ed on the way to decomposition (Figs. 4, 5). The embryo sac cell seems to be able 
to elongate in this cavity probably with no resistance to expansion. The unfastened 
and disintegrating cells in this cavity seem to be the decomposed nucellar cells, and 
the wall of the cavity is the inner integument. The embryo sac cell enlarges and 
the primary embryo sac nucleus undergoes three successive divisions, resulting in a 
normal, eight-nucleate embryo sac (Figs. 6, 7, 8). 

EMBRYO. Pollen tubes are observed in the ovarian cavity 4 hours after 
pollination. Fertilization seems to have occurred within half a day after pollination. 
Soon after fertilization the central nucleus begins division to form the endosperm. 
The endosperm is of cellular type. It consists of 8 cells within 30 hours after 
pollination, and ca. 20 cells, 45 hours, and ca, 250 cells, 72 hours respectively. 

The fertilized egg starts to develop prior to 72 hours after pollination. It elon- 
gates greatly as far as the middle of the embryo sac (Fig. 9), and is divided first 
by the transverse membrane into two cells, upper and lower or terminal and basal 
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The basal cell makes a suspensor, and the proembryo 


respectively (Fig. 10). pane 
The basal cell undergoes several 


develops on the top of the suspensor (Figs. 11=15). 


transverse divisions, resulting in a suspensor made of a row of several cells (Fig. 
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‘f ; eth Figs. 9-20: Fig. 9, early post-fertilization stage of the embryo sac showing the endosperm 
ig at a and the proembryo on the suspensor, 3 days after pollination. x40. Fig. 10, proembryo at 
ys ee days after pollination. 390. Figs. 11, 12, proembryo a little proceeded from (10). x390. 
earn Fig. 13, 8-celled embryo. globe, 4 days after pollination. 390. Fig. 14, embryo globe at 
ge 5 days after pollination, showing some differentiation of tissues—dermatogen, periblem and — 
--—— plerome. +390. Fig. 15, more differentiated, 6 days after pollination. x260. Fig. 16, two 
Bek ‘cotyledons are developing, 6 days after pollination. x160. Figs. 17-19, growing embryo, 
, ., 7-10 days after pollination. x40. Fig. 20, completed seed. x15. 


eS ” . 


} ie ihe ‘ _ The terminal cell is divided by the longitudinal septum (Fig. 11) (3 days after 
; Ht _ pollination), and a longitudinal segmentation follows it in the median rectangular to 
Bi - the prior (Fig. 12). Then a transverse segmentation occurs in each | cell of four 

oN quadrants, resulting in the formation of an 8-celled embryo globe (Embryokugel) 
€ a - (Fig. 13). The embryo globe increases in its cell number and in its volume through 


“te further cell divisions. The cells of the globe at the early stages are indistinguishable 
x ss morphologically from each other (Fig. 13), but the histological differentiation soon 
Aa comes about. On the outside the dermatogen, and in the interior both the periblem 
a and the plerome differentiate (Fig. 14) (5 days after pollination). Further develop- 
e s ing, the embryo globe takes an ellipsoidal shape, having the major axis transverse 
to the embryo axis (Fig. 15) (5-6 days after pollination). Then the differentiation 


. 


' , 
a ais) 4 ¥ 


“iy BE OUR NC ava ia AAR Ah ai NT ie eC ta as 
eK Mhaenls AACA ni 
a 


ot the cells is more apparent. On the top of the globe differentiates the primary 
| tissue of plumule. And on both sides of the ellipsoidal globe, the up-raisings_of 
tissue begin, which make two cotyledons (Fig. 16) (6-7 days after pollination). On 
the other hand, the uppermost cell of the suspensor takes part in the formation of 
the embryo, constructing the lowermost portion of the embryo globe (Figs. 13, 14). 
Developing further, the cotyledons elongate and broaden (Figs. 17, 18, 19) (7-10 days 
after pollination). The lower half of the globe develops into the hypocotyl. 


Table 1. Comparison between the diploid and the tetraploid embryos. 
Time elapsed since the pollination (in days) 


6 


<— 90H —> 


Diploid Embryo 


~ <—600~1000—> 


Tetraploid Embryo 


\ 


The endosperm, on the other hand, grows in the early stages more rapidly than 4 
the embryo does, and also the embryo sac enlarges its volume. The develop- 
ment of the endosperm, however, reaches in its maximum already 7 days after ; 
pollination, and thereafter the endosperm begins to be decomposed and digested 
through the growth of the embryo. The digestion proceeds outwards from the 
region adjacent to the embryo. At the same time, the tissue of the integuments 
except the outermost only one layer of the outer integument also begins to be digest- 
ed. The endosperm and the tissue of the ovule have been absorbed almost entirely 
by the time of completeness in the seed formation (Fig. 20). In the completed seed, | Py 
the endosperm remains in only 2 or 3 layers of cells, attached to the endopleura. 
The outermost layer of the integument makes the testa, which is slightly lignified. 
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2. Development of the Tetraploid Embryo in Comparison 
with that of the Diploid 


Embryo sac formation and embryogeny of the tetraploid plants are similar to 
that of the diploid; namely the embryo sac is of normal, 8-nucleate type, and the 
embryo develops on the same course as the diploid described above. 

A difference, however, consists in the growth rate of the embryo between the 
diploid and the tetraploid strains. The tetraploid embryo grows at a lower pace 
than the diploid does. The diploid embryo starts to develop 3 days after pollination, 
whereas the tetraploid embryo develops 4 days after pollination. And the stage of 
development of the tetraploid embryo 7 days after pollination is equal to the 5-6 
day-aged stage of the diploid embryo, the 10 day-aged embryo of the former to the 
7 day-aged stage of the latter, and the 12 day-aged embryo of the former to the 
8 day-aged stage of the latter. A schematic comparison of the developmental stages 
of the two strains is given in Table. 1. 

The growth of the tetraploid embryo speeds up thereafter and the differences 
between the diploid and the tetraploid embryos become indistinguishable at later 
stages. A similar phenomenon was observed by Cooper (1951) in Zea Mays, and 
by Poddubnaya-Arnoldi (1948) in buckwheet. At the present state of investigation 
no explanation can be given for the retardation of development of the tetraploid 
embryo. 


Conclusion and Summary 


The embryo sac is of Polygonum type (Maheshwari, 1950); the present obser- 
vation of the author conforms with that of Nohara (1934). After the maturation 
division of the megaspore mother cell, the nucellus disintegrates .and the cavity is 
formed in the ovule, which is occupied by the embryo sac. The development of the 
embryo follows the Crucifer type (Onagrad type of Johansen). The tetraploid 
embryo grows at a lower rate than the diploid embryo does. The endosperm 
reaches its maximum growth 7 days after pollination and thereafter it is absorbed 
almost entirely by the embryo, leaving only 2 to 3 layers of cells. 

‘The author wishes to express his sincere thanks for the kindly advice given 


throughout the course of the investigations by Professor Shimamura of f Naeeae 
University. 
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- Summary 


‘1. Concerning the formation of starch in guard cells, the author studied the 


increase or decrease of starch under natural conditions, the effects of concentration _ ¥ 
of hydrogen ions, amylase, plant juice and inorganic compounds on the formation of | f 


starch, and the substratum for the formation of strach. 
2. Over ten kinks of plants were used as materials. Gladiolus and Zea Mays 
were appropriate to the experiments in the summer season, Narcissus Tazetta and 


, Zephyranthes candida in the winter season and Tradescantia reflexa in all seasons. 


These plants were very suitable, because they had strong power of synthesizing 
starch from glucose-1-phosphate. 
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3. Daily increase or decrease of starch in guard cells under natural conditions 
is not so remarkable as in tissue cells, though remarkable difference by species 
was observed. When put in dark room, the starch within tissue cells rapidly dis- 
appeared, but that within guard cells, in some plants at least, increased for the first 


“two or four days, thenceforth began to decrease little by little, and finally dis- 


appeared. 
4. Different from in tissue cells, the starch in guard cells was never formed 


from carbohydrates, but only from glucose-1-phosphate, its lower limit of concentra- 


_tion for the formation being 0.0005 mol. 


5. The strach-forming activity in guard cells was stronger in the existence of 
weak acids, and the action of phosphorylase was recognized between the pH of 4.1-7.3 
coinciding with the pH value at which the reserve starch of radishes was formed. 

6. The starch-forming activity in guard cells was very powerful at the temper- 
atures from 20° to 30°C, but not recognized at the comparatively lower temperatures. 


Therefore strach was found in the guard cells of summer plants, but was not found 


in those of winter plants in many cases. Winter plants or plants placed at low 
temperatures formed only small amounts of strach from glucose-1-phosphate in 
those conditions, but if the temperature was raised to 20°-30°C for one or two 
days, starch forming power was remarkably enhanced, and at the same time the 


-action of phosphorylase was accelerated. Plants again formed small amounts of 


strach at the low temperature. 

7. In vitro amylase hindered strach formation of phosphorylase and in vivo B- 
amylase hindered it stronger and a-amylase weaker. Therefore it may be conjectured 
that there are complex relation between amylase and phosphorylase in the formation 


or the dissolution of the starch in living plants. 


8. The juice from the plants capable of forming starch and that from the plants 
incapable of forming starch equally affected phosphorylase and there was no special 
difference between their effect. The juice of radishes, sweet potatoes, sugar millets 
and the like prevented the action of phosphorylase im vivo and in vitro and each 


_ part of plant body was different in its effects. None of the juices of these plants 


treated at 100°C or extracted by organic solvents had inhibiting effect upon the action 
of phosphorylase. Judging from the above mentioned facts, the inhibiting process 
was not caused by any special substances, but by difference in species or in the 
quantity and quality of amylase formed by various plants or in the seasons of 


development in plants. 


9, Equal inhibiting process was observed both iv vivo and in vitro for over 30 
kinds of inorganic compounds. And _ these compounds could be divided into the 


following three groups: 1. Those which seemed absolutely lacking the action or 
_ on the contrary to accelerate it; 2. Those which had powerful actions; 3. Those > 


which had weak actions. But the mechanism of their inhibiting activities was com- 
pletely obscure. 
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10. In guard cells of plants belonging to Allium, starch was never formed so ¥ 

far as the author’s experiments were concerned. But it can not be conjectured _at- 

present that they have some substances preventing the action of phosphorylase or 

they have. no phosphorylase in them. 
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_ Goichi, NAKAJIMA: Genetical and cytological studies in the breeding of amphidiploid types 
between Triticum and Secale. Ill. B. The maturation division in PMC-s of F»2 plants having 
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=41 chromosomes (Hybrid A group). All figures are drawn from smear preparations. 
Polar view of first metaphase, 1311 and 151 
(TSF2-39). Fig. 2. do. 1511 and 111 (TSF2-42). Fig. 3. do. 1911 and 31 (TSF2-20). Fig. 4. do. 


Figs. 1~6. First maturation division. 


lll, 711 and 41 (TSF2-39). 
black at first metaphase in side view. 


Fig. 1. 


Figs. 7~9. Second maturation division. 


x 970. 


Fig. 5. do. 201 and 11 (TSF2-19). Fig. 6. A tetravalent shows: in ee 


Fig. 7. Polar view of second metaphase, 20 chromo- 
somes (TSF2-42). Fig. 8. do. 21 chromosomes (TSF2-20). Fig. 9. do. diploid nuclear plate shows — 
41 chromosomes (TSF 2-19). par 
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division of PMC-, of TSF» plants having 2n=41 chromosomes. 
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Figs. 10~16. Maturation division in PMC-; of TSF having 2n=43 chromosomes (Hybrid B). 
x 1050. ' 

Figs. 10~14. First maturation division. Fig. 10. Polar view of first metaphase, 1811 and 7I 
(TSF2-4). Fig. 11. do. 161 and 111 (TSF2-4). Fig. 12. Side view of first metaphase, 1011 and 
231 (TSF2-4). Fig. 13. Side view of first metaphase, chromosomes are separately drawn, 15II and 
131 (TSF -4). Fig. 14. do. 111 and 211 (TSF2-4). ; 
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Figs. 15~16. Second maturation division. Fig. 15. Polar view of second metaphase, 21 chro- 


mosomes (TSF2-4). Fig. 16. do. 23 chromosomes (TSF2-4). 
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1. In the present report, the result of cytological “studies on the maturation 
_ division of PMC-s of TSF, plants having 2n—41 (6 individuals) and 43 (one indivi- 
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dual) chromosomes were described. These 7 TSF, plants were obtained in 1942. 
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2. The group having 2n=41 chromosomes: At the heterotypic metaphase in 
PMC-s of 6 individuals of TSF, plants included in this group, were observed 12~20 
bivalents, consequently, 1~17 univalents. (Figs. 1~5).. The frequency of bivalents 
in the PMC-s was shown in Table 1, their modes being 18, 19 or 20 according to 
the individuals. The tetravalents were sometimes observed in addition to bivalents 
at the heterotypic metaphase. 


The distribution of chromosomes to the opposite poles at the anaphase in hetero- 


typic division was observed in most cases to be 20:21 (Table 2), and the case of 
19:22 was, though rare, observed. Consequently, 19~22 chromosomes were observed 
in the nuclear plates at the homotypic division. 

The nuclear plates showing 41 chromosomes were observed though rare at the 
homotypic metaphase of PMC-s (Fig. 9). This case ought to be due to the duplica- 
tion of all chromosomes. : 

The constitution of chromosomes in the genomes of the 6 individuals of TSF, 
plants included in this proup, according to the result of the present investigation 


on the maturation division in PMC-s, seemed to be of AB+R-—l, viz., these plants 


of hypo-amphidiploid. 


5 individuals of these 6 hypo-amphidiploid plants having 2n=41 chromosomes 


were fertile and the remaining one sterile. 


3. The group having 2n=43 chromosomes: Only one individual (TSF,—4) of 


TSF, plants was included in this group. The number of bivalents in one PMC at 
metaphase of heterotypic division, was shown to vary from 10 to 20 (Figs. 10~14), 


consequently, the number of univalents in the same stage to vary from 2 to 23. 


Both case of 17 and 10 in the number of bivalents appeared to be the modes, being 
of a bimodal curve (Table 3). 


This plant ought to be resulted from conjugation of gametes, produced on F, . 
plant, either having 21 and 21+1 chromosomes or 21+ and 21—-% chromosomes — 
resulted from irregular division in PMC-s. But, it is difficult to determine which 


in the case. 

It may be considered that in this plant is contained no complete AB genomes 
of Triticum turgidum and R genome of Secale cereale, for 2111 was not observed in 
the maturation division of PMC-s, and also 2 modes of 1711 and 101 were found 
in the number of bivalents of a PMC. Consequently, it is highly probable that a 
certain genome of ABR genomes is lacking some chromosomes and in some other 
genome is contained a certain chromosome doubled. 

~In the distribution of chromosomes to the poles at ana-telo-phase of heterotypic 
division, the case of 21:22 was by far more frequent showing 80% and that of 20: 
23 was less frequent being 20%. 
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Electron-microscopical study on fine structures 
of diatom frustules XI. 


By Haruo OkUNO* 
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Classification of diatom frustules by their 
electron-microscopic fine structures 


According to my past researches, diatom frustules can be classified by their 
; electron-microscopic fine structures of the valves into such groups shown in the 
following table “Key to the classification of frustules”. Of course, the present 
probational classification is to be added with new data of diatoms not yet studied. 
Further, by the future improvements of the preparation methods for the electron 
microscopy, it can be expected to reveal the more complete and undamaged fine 
structures of the species already researched. And by such discoveries, the following 
table will be partly corrected in future. 


Key to the classification of frustules 


A. Frustule single-membranous. 
I. Without or almost without pores. 
a. Without pores. (Type No. 1) 
Type form: Guinardia blavyana Perag. (PI. I, fig. 1, showing the girdle 
with longitudinal and transverse thickenings; Okuno, Journ. Jap. Bot. 26, p.. 
309, pl. I, fig. 5, 5’) 
b. Almost without pores. (Type No. 2) 


Type form: Bacteriastrum varians Laud. (Pl. I, fig. 2, showing the 


valve with two central pores; Okuno, Bot. Mag. Tokyo, 62, p. 137, pl. IV, 
figs <7) 
Il. With distinct pores. 
a. Without conspicuous vertical thickenings (side walls of the loculi) producing into the cells. 
1. Pores more or less irregular in their shapes, sizes and arrangements. 

0. Pores not divided into micropores. (Type No. 3) 

Type form: Chaetoceros dichaeta Ehr. (Pl.I, fig. 3; Okuno, Journ. Jap. 
Bot. 27, p. 50, pl. I, fig. 8, 8/)-—Atteya Zachariast Brun—Chaetoceros Loren- 
zianus Grun. 

2. Pores usually regular in their shapes, sizes and arrangements. 

0. Pores not divided into micropores. (Type No. 4) (Some species listed in this group 
are to be transferred to the next type no. 5, if their porous sieve membranes are 
discovered.) 

Type form: Navicula pelluculosa (Bréb.) Hilse (PI. I, fig. 4.; Kolbe, 1943.** 


* Botanical Institute, Kyoto University of Industrial Arts and Textile Fibers, Kamikyoku, Kyoto. 
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pl. 1, fig. 1)—Achnanthes sp. (Kolbe, 1943. pl. 6, fig. 21)—Actinella brasiliensis 
Grun.—Amphipleura micans Lyngb.—Amph. pellucida Kiitz. (Kolbe, 1943. pl. 
2, figs. 8, 8a)—Amph. rutilans (Trent.) Cl. (Kolbe, 1943. pl. 1, fig. 2)— 
Anomoeoneis fossilis (Ehr.) Cl. (Kolbe, 1943. pl. 3, fig. 10)—Anom. serians 
(Bréb.) Cl. var. brachysira (Bréb.) Hust. (Kolbe, 1943. pl. 3, fig. 9)—Auliscus 
pruinosus Bail.—Climacosphenia moniligera Ehr.—Cocconeis scutellum Ehr. 
(Lower valve)—Corethron valdiviae Karst. (Girdle )—Coscinodiseus Janischii 
A. Schm. (Girdle)—Charcotia bifrons (Castr.) M. Perag. (Syn. Coscinodiscus 
lunae Ehr?, Okuno, Journ. Jap. Bot. 26, p. 307, pl. I, figs. 2, 2/)—Cymatopl- 
eura solea (Bréb.) W. Sm.—Cymbella gracilis (Rab.) Cl. (Kolbe, 1943. pl. 1, 
fiz. 3)—Eucampia zoodiacus Ehr.—Ewnotia bacteriana Ehr. (Kolbe, 1943. pl. 
1, fig. 4)—Eun. monodon Ehr. var. trepica Hust.—Eun. praerupta Ehr. var. 
inflata Grun.—Fragilaria construens (Ehr.) Grun. (Kolbe, 1943. pl. 3, fig. 11)— 
Frustulia rhomboides (Ehr.) De Toni—Gomphonema constrictum Ehr. var. 
capitatum (Ehr.) Grun.—Grammatophora oceanica Ehr.—Guinardia flaccida 
(Castr.) Perag. (Girdle)—Hydrosera wampoensis Schwarz (Girdle)—Licmo- 
phora paradoxa (Lyngb.) Ag. var. tincta (Ag.) Hust.—Navicula americana 
Ehr.— Nav. cuspidata Kiitz— Nav. Gregaria Donk. (Kolbe, 1943. pl. 2, figs. 6, 
6a)—Nav. hasta Pant.—Nav. lyra Ehr. var. constricta Perag.—Nav. minima 
Grun. var. atomoides (Grun.) Cl. (Kolbe, 1948.* pl. 10, fig. 26)—Nav. salinar- 
um Grun. (Kolbe, 1943. pl. 2, figs. 5. 5a)—Neidium iridis (Ehr.) Cl. var. 
amphigomphus (Ehr.) V. Heurck—WNitzschia linearis W. Sm.—Nitz. sp. (Kolbe, 
1943. pl. 4, fig. 16, pl. 6, figs. 22a, b)—Rhoicosphenia curvata CKiitz.) Grun. 
(2)—Stauroneis phoenicenteron Ehr.—Surirella robusta Ehr. var. splendida 
(Ehr.) V. Heurck—Synedya acus Kiitz—Syn. crystallina (Ag.) Kiitz.?—Syn. 
ulna (Nitz.) Ehr.—Syn. Vaucheriae Kiitz. (Kolbe, 1943. pl. 5, fig. 18)—Spines 
of some Chaetoceros—Tabellaria fenestrata (Lyngb.) Kiitz. (Kolbe, 1943. pl. 6, 
figs. 20, 20a) 


00. Pores divided into micropores. 
f- Pores divided into arcuate marginal micropores. (Type No. 5) 


Gomphonema acuminatum Ehr. var. coronata (Ehr.) W. Sm. (PI. I, fig. 5, 
mantle ?) 


tf. Pores divided into many roundish or angular micropores. (Type No. 6) 


Type form: Cymbella australica (A. Schm.) Cl. (PI. I, fig. 6; Okuno, 
X. pl. II, figs. 3-3//)—Some of other Cymbella species too, belong to this 
group ?—Achnanthes delicatula (Kiitz.) Grun. (Kolbe, 1948. pl. 7, figs. 15-18)— 
Cocconeis placentula Ehr. var. lineata (Ehr.) Cl. (Upper and lower valves)— 
Melosira granulata (Ehr.) Ralfs var. curvata Grun.—Neidium iridis (Ehr.) 
Cl. (Kolbe, 1943. pl. 2, figs. 7-7b) 


000. Pores with dendriform sieve membranes. The membrane irregulary porous? (Type 
No. 7) (Some species listed in this group are to be transferred to the last type 
no. 23, if the locular structure of their valves are discovered. 


Type form: Didymosphenia geminata (Lyngb.) M. Schm. var. curvata 
Skv. & Mey. (PI. I, fig. 7) 


b. With vertical thickenings, which produce inconspicuously outwards and somewhat deeply 
into the cells. The inner thickenings, which correspond to the side walls of the complete 
loculi, divide the frustules into incomplete loculi. 


1. Thickenings transverse (light microscopically seen as the transverse costae), between the 


thickenings with transverse rows of pores. (Type No. 8) (Some species listed here 
may belong to the type no. 17.) 


Type form: Diatoma elongatum (Lyngb.) Ag. (Pl. I, fig. 8; Kolbe, 
1943. pl. 3, fig. 13)—Achnanthes lanceolata (Bréb.) Grun. & var. ventricosa 


* Kolbe, 1948. Ark. f. Bot. 33, A. no. 17, pp. 1-21, pls. 1-10. 
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Hust.—Diatoma elongatum (Lyngb.) Ag. var. tenuis (Ag.) V. Heurck (Kolbe, 
; 1948. pi. 6, fig. 14)—Diat. hiemale (Lyngb.) Heib. var. mesodon (Ehr.) Grun. 
(?)—Diploneis elliptica (Kiitz.) Cl.—Epithemia turgida (Grun.) Cl. (Kolbe, 
1948. pl. 10, fig. 27)—Fragilaria pinnata Ehr.—Opephora Martyi Hér. (Kolbe, 
1948. pl. 8, fig. 20) ; 
2. Thickenings radiate, between the thickenings with bundles of radiating rows of pores. 
0. Pores with homogeneous, not porous sieve membranes. (Type No. 9) 
Cycloiella comta (Ehr.) Kiitz. (?)—This species was observed in the fossil 
form. The living cells may be provided with the porous sieve membranes 
as in the type form of the next group, type no. 10. 
00. Pores with porous sieve membranes. (Type No. 10) 
Type form: Stephanodiscus niagarae Ehr. (PI. I, fig. 9; Okuno, Atlas 
Fossil Diat. 1952. pl. 7, fig. 2)—Steph. Binderanus (Kiitz.) Krieg. (PI. I, fig. 
10; Kolbe, 1948. pl. 10, fig. 28)—Steph. astraea (Ehr.) Grun. (?)—Cyclotella 
comta (Ehr.) Kiitz. (?) 
3. Thickenings reticulate. (Some species listed here may belong to the last type no. 23.) 
0. Pores closed with not porous sieve membranes. 
f. Sieve membranes with dendriform thickenings. (Type No. 11) 
Arachnoidiscus ornatus Ehr. (?) (Pl. I, fig. 11)—Cocconeis scutellum Ehr. 
(Upper valve) (?) 
00. Pores with porcus sieve membranes. 
+. Sieve pores marginal, roundish or elliptical (Type No. 12) 
Type form: Mastogioia fimbriata (Brightw.) Cl. (PI. I, fig. 12; Okuno, 
xX. pl: U figs: 3-3’) 
tt. Sieve pores marginal, arcuate. (Type No. 13) 
Type form: Triceratium Shadboltianum Grev. var. elongata Grun. 
(PI. I, fig. 13; Okuno, Bot. Mag. Tokyo, 63, p. 99, pl. II, figs. 4, 4/)—Dityl- 
um Brightwelli (West) Grun. 
ttt. Sieve pores irregular in shapes, sizes, and arrangements, divided by netveined sieve 
membranes. (Type No, 14) 
Type form: Eucampia balaustium Castr. (Pl. I, fig. 14; Kolbe, 1948. pl. 
2, figs. 3, 4; Okuno, Journ. Jap. Bot. 27, p. 350, pl. 1, figs. 5, 5’)—Biddulphia 
pulchella Gray (2)—Isthmia nervosa Kiitz. 
B. Frustule double-membranous, distinctly locular. Loculi with outer, inner and side membranes. 
Either of the outer or the inner membrane has a large opening in its centre. 
I. Sieve membranes (generally the outer membranes) more or less homogeneous and not porous. 
a. Sieve membranes almost homogeneous, not porous. (Type No. 15) 
Type form: Coscinodiscus elegans Grev. (Pl. I, fig. 15; Okuno, Bot. 
Mag. Tokyo, 63, p. 98, pl. I, figs. 4, 4/) 
b. Sieve membranes somewhat heterogeneous, with dendriform thickenings. (Type No. 16). 
Type form: Coscinodiscus perforatus Ehr. var. maizuruensis Okuno. 
(PI. I, fig. 16; Okuno, Bot. Mag. Tokyo, 62, p. 97, pl. III, fig. 1) 
Il. Sieve membranes (generally the outer membranes) with distinct sieve pores. 
a. Loculi large, transversely linear, reaching the margin of the valve. 
1. With roundish or polygonal sieve pores, arranged in transverse rows or in three rows 
decussating at about 60 degrees. (Type No. 17) 
Type form: Pinnularia gentilis (Donk.) Cl. (PI. I, fig. 17; Okuno, 1. c. 
p. 98, pl. Ill, fig. 10)—Achnanthes longipes Ag. (?)—Caloncis amphisbaena 
(Bory) Cl. (Kolbe, 1943. pl. 4, figs. 14, 14a)—Cal. permagna Cl. var. elongata 
Kolbe—Diatoma hiemale (Lyngb.) Heib. var. mesodon (Ehr.) Grun. (?)— 
Fragilaria antarctica Castr:—Navicula elegans W. Sm.—Nav. yarrensis Grun.— 
Pinnularia divergens W. Sm. var.—Pinn. gibba Ehr. fo. subundulata May.— 
Pinn. major (Kiitz ) Cl.—Pinn. microstauron (Ehr.) Cl. var. ambigua Meist.— 
Pinn. nobilis Ehr.—Pinn. stomatophora Grun. (Kolbe, 1943. pl. 3, fig. 12) 
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2. With sieve pores irregular in shapes and sizes. Sieve membranes netveined. (Type 
No. 18) 
Type form: Synedra tabulata (Ag.) Kitz. (Pl. I, fig. 18; Kolbe, 1948. 
pl. 5, fig. 9) 
b. Loculi small, usually polygonal. 
1. Sieve pores regular in shapes, sizes and arrangements. 
0. Sieve pores arranged in lines. 
+. Sieve pores arranged in one line. (Type No. 19) 
Type form: Trachyneis aspera (Ehr.) Cl. (Pl. I, fig. 19; Okuno, 1. c. 
63, p. 102, pl. IV, figs. 6, 6!)—Gyrosigma Spencerii (W. Sm.) Cl.—Rhizosolenia 
styliformis Brightw. var. longispina Hust.—Rhiz. Temperei Perag.—Trachyneis 
Johnsoniana (Grev.) Cl. 
+}. Sieve pores arranged in two lines decussating at about 90 degrees. (Type No. 20) 
Type form: Thalassiosira fluviatilis Hust. (Pl. I, fig. 20; Kolbe, 1948. 
pl. 9, figs. 22-24)—Melosira nummuloides (Dillw.) Ag.—Spines of some 
Chaetoceros. P 
ttt. Sieve pores arranged in three lines decussating at about 60 degrees. (Type No. 
21) 
Type form: * Coscinodiscus lineatus Ehr. (Pl. I, fig. 21; Okuno, 1. c. p. 
985" pls, Fe siSs oO; 5!)—Actinoptychus undulatus (Bail.) Ralfs—Biddulphia 
sinensis Grev.—Cocconeis Lorenziana Grun.? (Upper valve)—Stephanopyxis 
pbalmeriana (Grev.) Grun. 
00. Sieve pores arranged radially or circularly or concentrically. 
j. Sieve pores roundish. (Type No. 22) 
Type form: Coscinodiscus oculus iridis Ehr. (Pl. 1, fig. 22; Okuno, Geol. 
Sci. Kyoto, no. 6 (1951) p. 61, pl. III, figs. 4, 4!)—Asteromphalus flabellatus 
Grev.—Aster. heptactis (Bréb.) Ralfs—Biddulphia pulchella Gray—Bidd. reti- 
culatum Rop.—Coscinodiscus gigas Ehr. var. praetexta (Jan.) Hust.—Cos. 
Janischii A. Schm.—Cos. marginatus Ehr.—Cos. sp. (Kolbe, 1948. pl. 4, figs. 
7, 8)—Hemidiscus cuneiformis Wall.—Hydrosera wampoensis Schw. (Valve)— 
Rhizosolenia styliformis Brightw. var. latissima Brightw.—Triceratium formos- 
um Brightw. 
2. Sieve pores irregular in shapes, sizes and ‘arrangements. 
0. Sieve membranes with dendriform thickenings. (Type No. 23) 
Arachnoidiscus ornatus Ehr. (?) (Pl. I, fig. 11)—Cocconeis scutellum Ehr. 
(Upper valve) (?) 
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Diagrams of representative types of diatom frustules, classified by their electron-microscopic 
fine structures. I Views from vertically above. II Idealistic cross sections. 1 Guinardia blavyana 
(Girdle). 2 Bacteriastrum varians (Valve). 3 Chaetoceros dichaeta (Valve). 4 Navicula pelluculosa 
(Valve, after Kolbe). 5 Gomphonema acuminatum var. coronata (Mantle?). 6 Cymbella australica 
(Valve). 7 Didymosphenia geminata var. curvata (Valve). 8 Diatoma elongatum (Valve, after 
Kolbe). 9 Stephanodiscus niagarae (Valve). 10 Steph. Binderanus (Valve, after Kolbe). 11 Arach- 
noidiscus ornatus (Valve). 12 Mastogloia fimbriata (Valve). 13 Triceratium Shadboltianum var. 
elongata (Girdle). 14 Eucampia balaustium (Valve). 15 Coscinoniscus elegans (Valve). 16 Cos. 
perforatus var. maizuruensis (Valve). 17 Pinnularia gentilis (Valve). 18 Synedra tabulata (Valve, 
after Kolbe). 19 Tvachyneis aspera (Valve). 20 Thalassiosira fluviatilis (Valve, after Kolbe). 21 
Coscinodiscus lineatus (Valve). 22 Cos. oculus iridis (Valve). 


H. Okuno: Fine structures of diatom frustules. 
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The alpine Desmids from the Japanese Alps, 1. 


By Minoru HIRANO* 


BEF A: ART ATA ORBR 1. 
Received October 22, 1952 


Though much attention has been paid to higher vascular plants in the alpine 
regions of Japan, our informations concerning the lower cryptogamic plants especially 
in algae are very scanty. Dr. Yoshik. Okada has already shown some of the alpine 
Desmids from Japanese Alps in the Botanical Magazine vol. 50 1936. The species 
reported in his paper are as follows: Penium minutum Cleve var. crassum W. West 
forma inflata W. West, Cosmarium decedens (Reinsch) Racib., Staurastrum Simonyt 
Heimerl, St. hirsutum (Ehrenb.) Bréb. 

The Japanese Alps comprise three main parts, that is, North, Middle and South 
Japanese Alps, and the North Japanese Alps are the object of the present contribu- 
tion. The Hida Mountain Ranges or the so-called Japanese Alps are situated in 
central Japan and command both prefectures of Nagano and Toyama extending 
from Lat. 35°50’N to 37°00/N and from Long. 137°20/E to 137°40/E. The peaks over 
2500 metres high are about 80 in number and the peaks over 3000 metres high are 
11. The Japanese Alps are divided into three groups stretched from north to south. 
The Tateyama mountain group is represented by Mts. Nekomata, Tsurugi, Tate- 
yama, Yakushi, Kurobegoro and others lying at the most western of these three 
groups. The Ushirotateyama mountain group is represented by Mts. Shirourna, 
Karamatsu, Kashimayari, Eboshi, Mitsumatarenge, Kasagatake and others lying at 
the middle. The Jonen mountain group is represented by Mts. Tsubakuro, Otenjo; 
Jénen, Yarigatake, Hotaka, Norikura and others lying at the furthest east. There 
are deep valleys Kurobe and Takase between these mountain groups. 

The present writer has been interested to investigate the distribution of alpine 
Desmids since 1940 and has hitherto explored four times during the summer of 1940, 
1942, 1943 and 1948 in the Japanese Alps. The present contribution was made by 
the materials collected during these times. The area treated in this paper is limited 
above 1500 metres above the sea-level. These areas extend from subalpine to alpine 
regions and correspond to the lower limit of the conifer forest or the upper limit of 
deceduous forests. 


General characteristics of the habitats 


The mountain lake and pond in high altitude is represented by the lake group 
on the summit of Mts. Norikura, Shirouma-dike and Midoriga-ike in Mt. Tateyama, 
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Kazafuki lake group. The alpine lakes and ponds are generally surrounded by stony 
and mountaineous shores and there are not found any water plant community either 
submerged or littoral. The shores are generally ‘rocky but sometimes are dotted 
with masses of moss. ‘This mossy place is in a favourable condition for growing 
the Desmids. The water supply is due to the small stream from the drifted snow 
during the period from spring to summer and to the inflow of casual rain water 
from surrounding shores. So that the water level in these lakes and ponds is 
variable annually and not constant. In late summer the level is at the lowest and 
in spring is at the highest. Small ponds surrounded by bald grounds are barely 
-remained in small quantity of water at bottom or dried up. The lakes and ponds 
lied at subalpine region are surrounded by open meadow or with trees and shrubs. 
The water supply is depend on the small streams from the upper mountain slope or 
subterranean water and the water level is relatively maintains in constant. The 
water of these subalpine lakes and ponds are sometimes rich in nutrition because 
the fallen leaves from the neighbouring trees and shrubs are accumulated and 
decayed in bottom. 

The Sphagnum moor and bog occur at the gentle slope of the mountain above 
1509 metres in subalpine and alpine regions. They are situated on a plateau of 
mountain slope or on a saddle, and also are situated on the ridge of a mountain. 
The former is brought out by the subterranean water and behind them there is a 
gentle or steep mountain slope. The Sphagnum bogs do not dry up in later summer. 
The latter is brought up by occasional rainfalls or melting water from snow cover 
drifted in winter and the bogs sometimes dry up in late summer in which the snow 
disappeared from the ground or after a long drought. The Sphagnum moor in the 
high altitude of the Japanese Alps is shown by the table. In general there are well 
developed sphagnum bogs arranged in a stairlike manner. The water is clear or 
brownish in colour, the former depends on the subterranean water, and the latter 
is rich in humus, the bottom mud is chiefly composed of organic detritus. The pH 


Table. The sphagnum moor in alpine and subalpine regions of the Japanes Alps 


: | 
Name 


Altitude (ms) | Surrounding area Inflowering stream 
Kazafuki-kaminota | 1800 : Abies forest stream possess 
Tengunohara 2120-2140 Abies forest stream destitute 
Near Shirouma-dike 2380 Meadow snow water 
Tsuga-daira 1820-1940 Abies forest stream possess 
Kaminotambo 1700 Abies forest streamlet possess 
Happo-ridge 1600-2180 Betula forest stream destitute 
Midagahara 1600-1900 Meadow stream destitute . 
| Tarobei-daira 2330-2370 Meadow stream destitute 
Kumonotaira 2460-2500 Abies & Betula streamlet possess 
Kurobegoré-daira 2320-2340 Abies & Betula stream destitute 
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value of bog water is generally at margin 5.2-6.6. The moor in high altitude id 
surrounded by meadows and dotted with Pinus pumila and dwarf trees of Abies 
Mariesie such as Tengunohara, Happé-ridge and Tarobei-daira, but in the subalpine 
region the moor is surrounded by the Abies Mariesie forest or sometimes situated 
at the bottom of a broad valley surrounded by the steep mountain slope and in 
these places there are a number of varied types of moor, high or low it is, such as 
in Tsuga-daira. 

The following is an enumeration of the habitats collected Desmids and the 
habitats are referred to by numbers as given in the following chapter. 

1. Sennin-ike (2140 m.), small pond with boggy margins, near Mt. Sennin (2202 
m.). Aug. 5, 1943. 

2. Gakinotambo (1650 m.), sbhagnum-bog, western slope of Mt. Gaki (2128 m.). 
Aug. 4. 1940. 

3. Midagahara (1600-1900 m.), western slope of Mt. Tateyama. Aug..9, 1948. 

4. Tarobei-daira (2330-2370 m.), flat place between Mt. Yakushi (2926m.) and 
Mt. Kaminotake (2661 m.). Aug. 8, 1943. 

5. Kurobejii-daira (2400 m.), uppermost part of valley Kurobe, surrounded by 
Abies forest, with many streamlets. Aug. 6, 1943. 

6. Kumono-taira (2460-2500 m.), flat place near the summit of Mt. Kumonotaira. 
Aug. 6, 1943. 

7. Kurobegor6-daira (2320-2340 m.), saddle between Mt. Kurobegor6é (2840 m.) 
and Mt. Mitsumatarenge (2641m.). Aug. 7, 1943. 

8. Happé-ridge (1600-2180 m.), broad ridge of Mt. Karamatsu (2996m.). Aug. 
eZ, 1943. 

9. Kurobishi (1600 m.), hollow place on the lower part of Happé-ridge. Aug. 1, 
1943. 

10. Moor near Shirouma-dike (2379m.). Aug. 2, 1940. 

11. Tengunohara (2120-2140 m.), flat place on the west slope of Mt. Rengenori- 
kura (2437m.). July 21, 1942. 

12. Tsuga-daira (1820-1940 m.), flat place in the broad valley south east of Mt. 
Rengenorikura. July 22, 1942. 

13. Shirouma-kaminotambo (1700 m.), small moor among Abies forest, east of 
Tsuga-daira. July 30, 1940. 

14. Kazafuki-kaminota (ca. 1800 m.), north of Mt. Kazafuki (1860m.). July 28, 
1940. 

15. Midoriga-ike (243) m), alpine lake, west of Mt. Tateyama (3015m.). From 
the margins with mosses. Aug. 8, 1948. 

16. Mitsumatarenge-ike (ca. 2620m.), small pond on the northern slope of Mt. 
Mitsumatarenge (2641m.). Aug. 7, 1943. 

17. Eboshi-ike (ca. 2560 m.), small pond near the summit of Mt. Eboshi (2621 m.). 


From mossy margins. Aug. 4, 1943. 
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18. Gongen-ike (2810 m.), alpine lake, with snowy and rocky shore, Mt. Norikura 
(3026 m.). From rocky shore. July 23. 1940. 

19. Gono-ike (2700 m.), alpine lake of Mt. Norikura. From mossy margins. 
July 23, 1940. 

20. Tsuruga-ike (268) m.), alpine lake of Mt. Norikura. From mossy margins. 
July 24, 1940. 

21. Onyu-ike (2460 m.), alpine lake, north of Mt. Norikura. July 24, 1940. 

22. Kazafuki-dike (1778 m.), subalpine lake of Mt. Kazafuki, with small Sphag- 
num moor. July 28, 1940. 

23. Koshiki-ike (1780 m.), small lake near Lake Kazafuki- dike. From the shore. 
July 28, 1940. 

24, Shinahachi-ike (1790m.),. small lake of Mt. Kazafuki. From the shore. 
July 28, 1940. 


Enumeration of species 


1. Spirotaenia condensata Bréb. in Krieger p. 181. pl. 2. f.2. 1933. Hab. 2, 5, 7, 8, 
10-12, 14. Distribution in Japan: General. 

2. Mesotaenium De Greyi Turn. var. Borge: (Borge) Krieg. in p.193. pl.3. f.4. 
1933. Length 82, Breadth 23.7%. Cells slightly narrow at the median portion. Hab. 
10. Already known from Mt. Azuma. 

3. M. macrococcum (Kutz.) Roy & Biss. in Krieger p.198. pl.4. f.1-3. 1933. 
Length 30.8, Breadth 13.4. Hab. 13. New to Japan. 

4. Cylindrocystis Brebissonii Menegh. in Krieger p. 207. pl.6. f.4-7. 1933. Hab. 3, 
7, 10. Distribution in Japan: General. 

4a. var. minor W. & G.S. West in Krieger p. 209. pl.6, f.8,9. 1933. Length 28 p, 
Breadth 12. Hab. 20, 21. New to Japan. 

5. Cyl. crassa De Bary in Krieger p.211. pl. 6. f. 16,17. 1933. Hab. 1-3, 10-12, 14, 
22, 23. Distribution in Japan: General. 

6. Netrium digitus (Ehrenb.) Itzig. & Rothe in Krieger p.214. pl. 7. f.1, pl. 8. f.1. 
1933. Hab. 1-15, 22, 23. Distribution in Japan: General, especially in Sphagnum moor. 

6a. var. Ndgelii (Breb.) Krieger in p.218. pl.8. f.4,5. 1933. Netrium Ndgelii 
(Breb.) W. & G.S. West in p.66. pl.7. f.4,5. 1904. Hab. 3, 5, 8-14, 17, 22. Distribu- 
tion in Japan: General. 

7. N. oblongum (De Bary) Liitkem. in Krieger p.220. pl. 8. f.6. 1933. Hab. 6, 8, 
11-14. Distribution in Japan: General but not so common as above species. 

7a. var. cylindricum W. & G.S. West in Krieger p. 221. pl.8. f.7. 1933. Cells 
narrower than the type, apices broadly rounded. Length 73 B, Breadth 20 w. Hab, 14. 
Hitherto known from Yashima-ike of Kirigamine. 


8. Penium exiguum W. West in Krieger p. 233. pl. 10. £.7—-10. 1935. Length 56 p, 
Breadth 18 u. Hab. 3. New to Japan. 


9. P. polymorphum Perty in Krieger p.229. pl. UL. te 18-20. 1935. Hab. 1-8, — 
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17, 19, 20, 22, 24. Distribution in Japan: General, especially in Sphagnum moor of the 
alpine and subalpine regions. 

10. P. siluae nigrae Rabanus in Krieger p. 239. pl. 11. f.1-4, 1935. Hab. 1-8; 10- 
14, 20, 22. Distribution in Japan: General in moor-bogs of high altitude. 

ll. VP. sfirostriolatum Barker in Krieger p. 227. pl. 9. f.1-6. 1935. Hab. 11. Dis- 
tribution in Japan: General. 


12. Closterium Lunula (Miill.) Nitzsch. in Krieger p.301. pl.21. f. Li" ple2ea ima = 
1935. Hab. 2. Rare species in alpine moor of Japan. 

13. Cl. pumillum Hantz. var. minus Allorge in Krieger p.280. pl.14. £.8. 1935. 
Length 22.4 w, Breadth 4.84. Hab. 14. This minute form occurred in a single sample. 
New to Asia. 

14. Cl. abruptum W. West in Krieger p.306. pl. 22. £.9. 1935. Length 63-82», 
Breadth 17 w. Hab. 4, 7. New to Japan. 

15. Cl. littorale Gay in Krieger p. 298. pl. 20. f.3-5. 1935. Hab. 2, 3, 8, 10, 12, 14, 
23, 24. Distribution in Japan: General, especially in moor water. 

16. Cl. Baillyanum Bréb. in Krieger p. 327. pl. 26. f.7,8. 1935. This characteristic 
species were often met with in the mountaineous bogs but occurred in a single 
sample of Kurobishi-pond. Hab. 9. 

17. Cl. libellula Focke var. intermedium (Roy & Biss.) G.S. West in Krieger 
p. 255. pl. 12. f. 3-5. 1935. Hab. 8. Distribution in Japan: General in low land water. 

18. Cl. Ulna Focke in Krieger p.341. pl.29. f.1-4. 1935. Length 370-400 p, 
Breadth 15.4-17 w. Hab. 3, 11. Already known from Mt. Azuma. 

19. Cl. Cynthia De Not. var. Jenneri (Ralfs) Krieger in p. 366. pl. 36. f.2. 1935.— 
C. Jenneri Ralfs in West p. 134. pl. 15. f. 23-25. 1904. Hab. 8. Distribution in Japan: 
General. 

20. Cl. angustatum Kiitz. in Krieger p.353. pl.35. f.2-4. 1935. Hab. 8. Rare 
species, only known from Ozegahara-moor. ; 

21. Cl. striolatum Ebrenb. in Krieger p. 337. pl. 28. £.8,9, pl. 29. f.9. 1935. Hab. 
8, 13. Distribution in Japan: General. 

22. Cl. parvulum Nag. in Krieger p.275. pl.16. f.14-17. 1935. Length 87 p, 
Breadth 11. Hab. 21. Distribution in Japan: General but rare in alpine region. 

23. Cl. intermedium Ralfs in Krieger p.335. pl. 28. £.5,6, pl.29. f.&. 1935. Length 
168-215 «, Breadth 14-17 4. Hab. 3, 8, 11, 12. Distribution in Japan: General. 

24. Docidium undulatum Bail. in Krieger p.380. pl. 38. £.9-12. 1937. Hab. 3, 8, 
11-13, 24. Distribution in Japan: General in moor-bogs of the high altitude of Japan. 

25. Triploceras gracile Bail. in Krieger p. 442. pl.52. f.1-7. 1937. Hab. 10. This 
characteristic species were often met with in low land of Japan but it seems perhaps 
rare in alpine and subalpine regions of Japan. 

26. Pleurotaenium minutum (Ralfs) Delp. in Krieger p.399. pl. 30: £52:32,199% 
Length 90-132, Breadth 14.8-15.4. Hab. 3, 8, 11, 12, 14. Distribution in Japan: 
General in Sphagnum bogs of high altitude of Japan. 
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26a. var. crassum (W. West) Krieger in p. 392. pl. 39. f. 6, 7. 1937. Length 564, 
Breadth 18.2 u. Hab. 11, 12,14. Dr. Yoshik. Okada has already reported from Tengu- 
nohara-moor by the name of Penium minutum Cleve var. crassum W. West forma 
inflata W. West and his figure corresponds with my form found in the neighbouring 
Sphagnum bogs such as Tsuga-daira and Kazafuki-kaminota. 

26b. var. cylindricum (Borge) Krieger in p. 393. pl. 39. f.8. 1937. Hab. 10, 13. 
Distribution in Japan: Rare, only known from few places. 

27. Pl. nodosum (Bail.) Lund. in Krieger p. 436. pl.47. f.1. 1937. Hab. 8. Dis- 
tribution in Japan: General but rare in alpine moor of Japan. 

28. Tetmemorus laevis (Kiitz.) Ralfs in Krieger p. 455. pl.54. £.9-12. 1937. Hab. 
2-8, 10-15, 24. Distribution in Japan: General and common in alpine and subalpine 
moor. 

29. T. Brébissonii (Menegh.) Ralfs var. minor De Bary in Krieger p. 454. pl. 54. 
f.6,7. 1937. Hab. 3, 4, 11. Not so common as above species. 

30. T. granulatus (Bréb.) Ralfs in Krieger p. 458. pl. 55. f. 1-5. 1937. Hab. 8, 11, 
14. Distribution in Japan: General but the habitat of the species is the same as that 
of the above species. 

31. Euastrum sinuosum Lenorm var. perforatum Krieger in p.503. pl.62. f. 24. 
1937. Length 56, Breadth 34, Isthmus 11] yp. Hab. 12. Previously known in the 
Ozegahara-moor. 

3la. var. reductum W. & G.S. West in Krieger p. 503. pl. 62. f.25. 1937. Hab. 3, 
12, 22. The size is similar to the above variety but differs from it by the membrane 
structure. 

3lb. var. gangense (Turn.) Krieger in p. 502. pl. 62. f.20-22. 1937. Length 56- 
60, Breadth 31-34, Isthmus 11-134. Hab. 3, 6,8-14. Already known from Mt. Gassan. 

3lc. var. subjenneri W. & G.S. West in Krieger p.505. pl. 63. f.7. 1937. Length 
52-56 #, Breadth 28-36 y, Isthmus 8.6-11 u. Hab. 2. The second record in our country. 

31d. var. scrobiculatum Nordst. in Krieger p. 503. pl. 63. f. 2,3. 1937. Length 64 p, 
Breadth 41, Isthmus 13 4. Hab. 8. The first record in high altitude of Japan. 

_ 32. E. sublobatum Breb. in Krieger p.544. pl.74. f.1-3. 1937. Length 24-25 p, 
Breadth 20-21 yw, Isthmus 5.6-6.24. Hab. 1, 3, 4, 6, 8, 10-14, 15, 17, 22, 24. Distribu- 
tion in Japan: Widely distributed in the alpine moor of Japan. (PI. 1. f. 6.) 

33. E. ansatum Ehrenb. var. pyxidatum Delp. in Krieger p. 489. pl. 58. f.7. 1937. 
Hab. 9. Distribution in Japan: General in low land water but rather rare in bogs 
of subalpine region. 

34. E. crassum (Bréb.) Kiitz. in Krieger p.510. pl. 66. f.1. 1937. Length 151-154 


#, Breadth 81-84 yw, Isthmus 22-98 uw. Bab. 8, 11, 12, 21, 24. This boreal species was 
frequent in the above habitats. 


35. E. cuneatum Jenner in Krieger p. 479. pl. 56. f.1-4. 1937. Hab. 1, 3-8, 10-15, 
23. This boreal species was common in the alpine and subalpine regions but in the 
low land of Japan it is rather rare. CPlaisita» 
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36. E. montanum W. & G.S. West in Krieger p.554. pl. 76. f.1-4. 1937. Length 
22.4 w, Breadth 16.8 #, -Isthmus 5.6». Hab. 1; 3, 4, 6, 7, 9, 10, 12, 15, 17-20, 22, 23. 
This mountain Desmid was common in these districts. (PI. 1. f. 3.) 

37. E. insulare (Wittr.) Roy in Krieger p.555. pl. 76. f. 11-14. 1937. Length 26 yu, 
Breadth 18», Isthmus 7. Hab. 2, 12, 14. Upland species, its distribution in Japan 
is confined to the high altitude. (PI. 1. f. 2.) 

38. E. didelia Ralfs in Krieger p.517. pl.67. f.1-3. 1937. Length 106-134 y, 
Breadth 59-70 wu, Isthmus 17-22 w. Hab. 2, 9, 10, 21-24. Distribution in Japan: Not 
general but the species is much more frequent in upland than in low land. 

39. E. binale (Turp.) Ehrenb. var. Gutwinski Schmidle in Krieger p.551. pl. 75. 
f. 13-15. 1937. Length 16.8-21.5 uw, Breadth 14-17 uw, Isthmus 4.2-6.5 4. Hab. 13, 17. 
This minute variety also occurred in a number of samples from Mt. Kaminotake, 
which lies at about 2540 metres above sea-level. New to Japan. (Pl. 1. f. 4.) 

39a. var. minus W. West in Krieger p.552. pl.75. f.17. 1937. Length. 12 p, 
Breadth 10.3 4, Isthmus 4.34. Hab. 3, 4, 14, 15, 23. Hitherto known from Oze- 
district. 

39b. var. papilliferum Gutw. in Krieger p. 553. pl. 75. f. 18-20. 1937. Length 22 wu, 
Breadth 14 p, Isthmus 5.6. Hab. 1, 5. New to Asia. (PI. 1. f. 7.) 

39c. var. hians W. West in Krieger p.551. pl.75. f.16. 1937. Length 11-18 u, 
Breadth 11-15 uw, Isthmus 3-4.8 wu. Hab. 1, 2, 8, 12. Already known from Mt. Azuma. 

40. E. gnathophorum W. & G.S. West in Krieger p.508. pl.63. f. 15-17. 1937. 
Hab. 3, 8, 9, 11-14. Distribution in Japan: General in Sphagnum moor. 

41. E. denticulatum (Kirchn.) Gay in Krieger p.583. pl.80. f.15-17. 1937. Hab. 
23. Distribution in Japan: General. 

42. E. humerosum Ralfs in Krieger p.524. pl.69. f.4-6. 1937. Hab. 1-3, 5, 7, 8, 
11-14, 17. Distribution in Japan: General and often met with in alpine and subalpine 
regions. 

43. Cosmarium bioculatum Bréb. in West p. 165. pl. 61. f.3-7. 1905. Length 17-21 
v, Breadth 21-22 pw, Isthmus 4.8-7.3 ~. Hab. 8. New to Japan. (PI. 1. f. 21.) 

44. C. abbreviatum Racib. in West p.84. pl.72. f.9-11. 1998. Length 10.8 p, 
Breadth 11.6 », Isthmus 4.3 w. Hab. 8. New to Japan. (PI. 1. f. 22.) 

44a. forma pygmaea Messik. in p.44. pl. 4. f. 47,48. 1935. Length 14.6 u, Breadth 
15 w, Isthmus 4.8 4. Hab. 17. New to Asia. (Pl. 1. f. 19.) 

45. C. pseudarctoum Nordst. var. perminutum (G.S. West) Strom in p. 217. pl. 5. 
f.5-10. 1926. Length 9, Breadth 5.6y, Isthmus 5.2. Hab. 14. Distribution in 
Japan: Rare, already known from Mt. Hira. (PI. 1. f. 18.) 

46. C. pseudonitidulum Nordst. var. validum W. & G.S. West in p.196. pl. €3. 
f.27-30. 1905. Length 54-654, Breadth 39-11, Isthmus 17-18. Hab. 4, 8. Cells 
slightly narrower than the European forms. This variety resembles to C. pachyderm- 
um Lund. var. minus Nordst. in p. 18. pl. 1. f. 7. 1873. Hitherto.known from Ozegahara. 
Piet. 13) 
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47. C. tetragonum (Nag.) Arch. var. Lundellit Cooke in West p.18. pl.66. f. 23. 
24. 1908. Length 47.3 u, Breadth 25.8 uw, Isthmus 8.6. Hab. 9. This variety occurred 
in a single sample. New to Japan. (PI. 1. f. 33.) 

48. C. subcucumis Schmidle in West p.155. pl. 60. f.1-3. 1905. Length 56-604, 
Breadth 35-37 , Isthmus 15. Hab. 2, 3, 5, 14, 16, 23. Distribution in Japan: General. 
riety f° 27.) 

49. C. sphaeroideum West in p.178. pl. 82. f.2-4. 1908. Length 56-60», Breadth 

32-34 w, Isthmus 17 uw. Hab. 5, 16. New to Asia. (Pl. 1. f. 11.) 

50. C. vogesiacuin Lemaire in Messikommer p. 35, 52. pl. 4. £.54, pl. 5. f. 56. 1935. 
Length 17 », Breadth 15.6 w, Isthmus 6.6 u. Hab. 8. Hitherto known from Ozegahara. 
CPS 1 £:2:16;) 

51. C. connatum Bréb. in West p. 25. pl.67. f.15-17. 1908. Hab. 9. Distribution 
in Japan: General, especially common in mountaineous bogs. (PI. 1. f. 8.) 

52. C. anceps Lund. in West p.47. pl.69. f.14-17. 1908. Length 25, Breadth 
16.8 «, Isthums 12. Hab. 21. This mountain species was rarely present in a single 


sample. New to Asia. (PI. 1. f. 30.) 
53. C. caelatum Ralfs in in West p.134. pl.76. f.5-7. 1908. Length 47.3-52 yu, 


Breadth 43-44 uw, Isthmus 17 w. Hab. 8. (PI. 1. f. 12.) 
54. C. ocellatum Eich, & Gutw. in West p.144. pl. 58. f.6. 1905. Length 25.8 yu, 
- Breadth 21.5 uw, Isthmus 6.5. Hab. 9. (PI. 1. f. 15.) 

55. C. inconspicuum Arch. in West p.164. pl.61. f.1,2. 1905. Length 124, 
Breadth 9.5 uw, Isthmus 4.3 ». Hab. 8. New to Japan. (PI. 1. f. 17.) 

56. C. moniliforme (Turp.) Ralfs forma punctata Lagerh. in West p. 22. pl. 67. f. 4. 
1908. Length 31, Breadth 17.2 uw, Isthmus 7.3 4. Hab. 8. New to Asia. (PI. 1. f. 10.) 

57. C. margaritiferum Menegh. in West p.199. pl. 83. f.4-11. 1908. Length 64.5- 
73 uw, Breadth 52-56 yw, Isthmus 21-22 ~. Hab. 8, 9,17. Distribution in Japan: General. 
tPL-1. £.:9,) 

58. C. parvulum Bréb. in West p.110. pl.74. f. 8-10. 1908. Hab. 3, 6, 8, 11, 12. 
This small species often occurred in many samples. Distribution in Japan: Not 
general, confined to the alpine region. (Pl. 1. f. 31.) 

59. C. Meneghinii Bréb. in West p.90. pl.72. £.29-32. 1908. Hab. 8. Distribution 
in Japan: Rare. (Pl. 1. f. 24.) 

60. C. notabile Breéb. forma arcticum Kossinsk. in p. 41,51. pl. 2. f.2. 1933. Length 
35 4, Breadth 23.8 uw, Isthmus 12.6 4. Hab. 21. Previously known in Siberia. New to 
Japan. (Pl. 1. f. 34.) 

61. C. nitidulum De Not. var. subundatum Schmidle in Dick p. 130. pl.7. f. 4. 
1930. Length 40 u, Breadth 34 yw, Isthmus 16.8. Hab. 21. New to Asia. (Piri, 43283 

62. C. nasutum Nordst. in West p. 259. pl.90. f.9,10. 1908. Hab. 8, 17, 23. Alpine 

. Desmid. (Pl. 1. f. 29.) : 

63. C. tinctum Ralfs var. intermedium Nordst. in West p.169. pl.61. f.19, 20. 

1905. Length 14u, Breadth 9.8, Isthmus 9.8 . Hab. 23. Rare species, hitherto 
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known from Ozegahara. (PI. 1. f. 32.) 
64. C. quinarium Lund. in West p. 216. pl. 85. f.9, 10. 1908. Hab. 2, 10. Distribu- 
tion in Japan: Not rare in upland. (Pl. 1. f. 25.) - 


65. C. punctulatum Breb. in West p. 206. pl. 84. f.13, 14, pl. 102. f. 22. 1908. Length 
32-34 , Breadth 29-30, Isthmus 10-11. Hab. 1, 2, 5, 8, 14, 23. Distribution in 


. Japan: General but rare in alpine region. (PI. 1. f. 25.) 
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65a. var. rotundatum Kiebs in West p.211. pl. 85. f.12. 1908. Length 43-47 pb, 
Breadth 30-34.4 u, Isthmus 10.8 u. Hab. 9. New to Japan. (PI. 1. f. 23.) 

66. C. Regnellii Wille forma minima Eich. & Gutw. in West p.90. 1908. Length 
12-13 w, Breadth 12-13 yu, Isthmus 4.3 ~. Hab. 2, 8, 9. Second record in Japan. (PI. 1. 
£. 20.) 

67. C. quadratum Ralfs in West p.57. pl.70. f. 6-8. 1908. Length 49.5 w, Breadth 
30 uw. Isthmus 174. Hab. 3, 8. Second record in Japan. (PI. 1. f. 14.) 

68. Cosmarium quadrifarium Lund. forma hexasticha (Lund.) Nordst. in West 
p. 141. pl. 77. f.4. 1908. Hab. 3, 4,8, 9,11, 12,14. Distribution in Japan: General. 

69. C. reniforme (Ralfs) Arch. in West p.157. pl.79. f.1,2, pl.82. £.15. 1908. 


Length 47.3 4, Breadth 43 y, Isthmus 17.2. Hab. 8. New to Japan. 


70. C. pseudopyramidatum Lund. in West p.201. pl. 64. f.9-12. 1905. Length 43- 
65 uw, Breadth 26-41 », Isthmus 13-17 w. Hab. 2,3, 6, 8-12,22. Distribution in Japan: 
General, frequently met with in boggy waters. 

71. C. sexangulare Lund. forma minima Nordst. in West p. 82. pl. 72. f. 4,5. 1908. 
Length 12, Breadth 12, Isthmus 4.34. Hab. 8. Distribution in Japan: General 
but not known generally. 

72. C. amoenum Bréb. in West p.29. pl.102. f.1-4, pl.103. f.9. 1911. Length 
38.7-47.3 «, Breadth 22.8-25.8 uw, Isthmus 17-20.6 u. Hab. 3,8. Distribution in Japan: 
General. 

73. C. angulosum Breb. in West p. 93. pl. 72. f. 35,36. 1908. Hab. 8,10. Distribu- 
tion in Japan: General. 

74. C. cucurbita Bréb. in West p.106. pl.73. f.31-33, pl.74. f.3. 1908. Length 
36.4-42 uw, Breadth 16.8-22.4 u, Isthmus 15.4-19.6 u. Hab. 1-8, 10-14, 17, 18, 20,22. Dis- 
tribution in Japan: General but confined to the alpine and subalpine regions. 

75. C. goniodes W. & G.S. West in West p.11l. pl.74. f.12,13. 1908. Hab. 9. 
Already known from Mt. Hira. 

76. C. globosum Bulnh. in West p.29. pl.68. f.1,2. 1908. Length 33.5-38.7 ph, 
Breadth 20-21.6 yu, Isthmus 19.6-20.3 u. Hab. 1-8, 10-14, 17, 22, 23. Distribution in Japan: 
General in Sphagnum-bogs in high altitude. 

76a. forma minor Boldt in West p.30. 1908. Length 19.6-28, Breadth 13.4- 
17.2, Isthmus 12.7-16.5. Hab. 3,4,7,8, 10, 12, 15,19, 21. Distribution in Japan: 
Same as the typical species. 

76b. var. subaltum Messik. in p. 46. pl. 4. £.37. 1935. Length 29-344 4, Breadth 
19-19.7 «, Isthmus 17.3-17.8 uw. Hab. 8,9. 
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Explanation of plate 1 

1. Euastrum didelta 2. E. insulare 3. 

5. E. cuneatum 6. E. sublobatum 
9. C. margaritiferum 10. C. monilifo 
caelatum 13. C. pseudonitidulum var. Validum 


C. vogesiacum 17. C. inconspicuum 18. C. pseudarctoum var. perminutum 19. C. abbreviat- 
um forma pygmaea 20. C. Regnellii fo 


E. montanum 4. E. binale var. Gutwinski 
7. E. binale var. papilliferum 
rme forma punctata Il. C. sphacroideum Liem Cs 
14. C. quadratum 15. C. ocellatum 16. 


rma ninima 21. C, bioculatum 22. C. abbreviatum 


23. C. punctulatum var. rotundatum 24. C. Meneghinii 25. C. punctulatum 26. C. qui- 


narium 27. C. subcucumis 28. C. nitidulum yar. subundatum 


anc?ps 31. C. parvulum 32. C. tinctum var. intermedium 33. ‘C. tetragonum var. Lundellii 
34. C. notabile forma arcticum x530 


8. Cosmarium connatum. - 


29. C. nasutum 305°CH5 
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Electron Microscopical Studies on Reproductive Cells of Plants 
III. Structure of Spermatozoid of Sargassum Horneri Ag.* 
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Sargassum Horneri Ag. is an alga belonging to the family Fucaceae in the phyl- 
um Phaeophyceae. On the spermatozoids of Fucaceae some previous observations 
have been reported. Kylin (1920) has reported upon the structure of the sperma- 
tozoid of Fucus Areschougii studied by means of the light microscope; it has two 
flagella and a body consisting of a nucleus, chromatophore and plastomere. Shortly 
after, Kunieda (1924) published a report upon the spermatozoid of S. Horneri under 
the light microscope, but, he did not observe the structure in detail. The fine 
structure of these spermatozoids cannot be observed under the light microscope. 
By means of the electron microscope, however, a more detailed structure can be 
seen. With respect to electron microscopical studies of the spermatozoid of Fucaceae, 
Manton and Clarke (1950) were the first to report about the spermatozoid of Fucus 
serratus. In this paper, the results obtained with reference to the fine structure of 


the spermatozoid of S. Horneri, by means of the electron microscope, will be described. 


Materials and Methods 


The spermatozoid samples of S. Horneri were obtained on the sea shore near 
the Misaki Marine Biological Station in April 1951 and 1952. The specimens were 
prepared as follows: sufficiently matured male receptacles were taken into a watch- 
glass half filled with sea water, and the Diatoms, Protozoa or debris attached to the 
Pitace of the male receptacle were carefully brushed off. The receptacle was then 
transfered to a new watch-glass, and a few drops of sea water were added. Numer- 
ous spermatozoids rush out energetically from the conceptacles of a _ ripened 
receptacle and swim actively in the medium. This feature is easily observed under 
the light microscope. Then, from this medium a microdrop is drawn up by a pipette, 
and placed on a slide glass and fixed with either 4 per cent formalin diluted in sea 
water, or the vapour of a 2 per cent solution of osmic acid, or Altmann’s solution. 
After fixing, a microdrop of the spermatozoid suspension on the slide glass is then 
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placed on the collodion membrane supported by a sheet mesh holder used for inser- 
tion into the electron microscope. These specimens are dried in the air, and washed 
by the distilled water, and dried in the air again. 

Specimens treated with either the vapour of chloroform or ammonium vapour 
for a short time were also used. At the same time, a specimen after being fixed 
with 4 per cent formalin, centrifuged at 2500 r/min for 3 minutes, was also used. 

A comparative study by means of. the light microscope was also carried out. 
The fixing method for preparations was nearly the same as used for the electron 
microscope. These were stained in five ways; the aceto-carmine, Heidenhain’s iron- 
haematoxylin, gentian-violet, carbol-fuchsin and Feulgen’s reaction. 

The HU-4 type electron microscope of the Hitachi Company, installed in the 
University of Téky6, was used. The electron micrographs in this paper were taken 
by Mr. S. Sakata. 


Results 


The spermatozoid of S. Horneri consists of an egg-apple like body, two flagella 
attached at the sides and a blepharoplast (Figs. 1 and 2). The anterior portion of 
‘the body is somewhat narrow and the posterior roundish. The length of the body 
is 2.7 to 4.8 yw, and the width is 1.6 to 2.4m at its middle region. The spermatozoid 
has two flagella. The front flagellum is ca. 11 in length, and the hind one is Ca. — 
15 uw, a little longer than the front. 

The body of the spermatozoid is too thick for the electron beam penetrance in 
the light field of the electron microscope. The image however obtained in the dark 
field of the electron microscope becomes somewhat transparent and more details are 
obtained. The degree of transparency for the electron beam differs in the different 
regions of the body. The anterior portion is most transparent, the middle portion — 
is semitransparent, and the posterior portion is not transparent. These facts are — 
due either to the thickness or the density of each region. By means of the light — 
microscope the spermatozoid, when stained with either aceto-carmine, Heidenhain’s — 
iron-haematoxylin, gentian-violet or Feulgen’s staining method, indicated that the 
staining reaction of these three portions of the body was graduated in a way similar 
to the image obtained in the dark field method of the electron microscope (Figs. 3 
and 9'a, b, c,d, e). 

The author suggests that this round dense mass in the body (Fig. 3) seems most 
likely to be a nuclear portion and the other portion to be the cytoplasm. The 
cytoplasm is semitransparent in the dark field image of the electron microscope. 

The flagella are ensheathed by a somewhat thick plasmic membrane. This : 
plasmic sheath readily disintegrates and exposes an axis which appears to bea thin- 
walled cylinder (Fig. 6). The plasmic sheath disintegrates when the spermatozoid 
is Swimming in sea water. This plasmic sheath of the flagella disintegrates, also, 
after fixation with 4 per cent formalin and centrifuging. Figs. 1 and 2 show that 


May—June 1953. - Bot. Mag. Tokyo, Vol. 66, No: 779—780 137 


the flagella do not have the plasmic sheath. Fig. 5 shows the flagella with the 
plasmic sheath, In Fig. 7, the plasmic sheath has ruptured partially on account of 
Some mechanical stress and the axis appears as a consequence. 

On the front flagellum the hairy appendages, the mastigonemes, are present, but 
are absent from the hind flagellum (Figs. 4 and 5). The front flagellum bears the 
mastigonems, which are attached to the wall of the axis through the plasmic sheath. 

The axis of the flagellum, normally, has a cylinder-shape. However, after fixa- 
tion with 4 per cent formalin, and centrifuging, it shows clearly that this axis 
consists of a bundle of many fibrils (Fig. 8). The number of these fibrils was not 
determined. 

The two flagella unite into a single thread at the blepharoplast as seen in Fig. 
8. Such figures were obtained in the Specimens treated with either ammonium or 
chloroform vapour for a short period. After such treatment the body swells up and 
breaks to show the connection of the front and hind flagella at the blepharoplast. 


Discussion ; 


No electron microscopical studies of the spermatozoid of S. Horneri have been 
reported so far the author is aware. The body of the spermatozoid is seen as a 
homogeneous dark mass when observed through the electron microscope in the 
ordinary method. But it becomes differentiated when a special dark field method 
is applied, a dark sphere becomes to be seen in the posterior portion of the body 
(Figs. 3 and 9e). Considered from the point of view of cytological nuclear stain 
reaction, this sphere is a nuclear portion of the spermatozoid (Figs. 9a, b, c and d). 
The spermatozoid of Fucus Areschougiit studied by Kylin (1920) consists cytologically 
of three parts, the nucleus, chromatophore and piattomete as illustrated in Fig. 9f. 
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Figs. 9a-e. Spermatozoids of Sargassum Horneri; a-d, stained with various “nuclear 
stains’. Dotted portion shows nuclear reaction. a, Aceto-carmine staining. b, Altmann’s 
fixation and Heidenhain iron-haematoxylin staining. c, Osmic acid vapour fixation and gentian- 
violet staining. d, Formalin fixation and Feulgen’s staining. e, By means of the electron 
Microscope. A spherical dense mass (dotted portion) in the posterior portion is seen. 

9f. A reproduced sketch of the spermatozoid of Fucus Areschougii, from Kylin, 1920. 
Altmann’s fixation and rosanilin staining; dotted portion shows a nucleus. 
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The state of the nucleus differs from that of S. Horneri (Fig. 9, a, b, c and d) and 


plastomere, while the spermatozoid of S. Horneri has a rather small nuclear sphere 
in the cytoplasm. This may depend on the difference of species. j 

The front and hind flagella are connected with each other at the blepharoplast 
and they seem forming a single thread as observed in the centrifuged specimens 
after treatment with either ammonium or chloroform vapour (Fig. 8). This is one 
of the most interesting in this study. 

The axis of the flagellum of the spermatozoid of S. Horneri is enveloped by a 
plasmic sheath. A similar appearance was observed in Marchantia polymorpha 
which had been reported by the author (1951). The flagellum of Protozoa (Brown, 
1945) and Flagellata (Pitelka, 1949), and the tail of spermatozoa of many animals 
have generally a plasmic sheath. In case of S. Horneri, the origin of plasmic sheath 
has not yet been confirmed. 

Manton and Clarke (1950) have reported that the mastigonemes are seen on 
the front flagellum of the spermatozoid of F. serratus by means of the electron 
microscope. Both Sargassum and Fucus belong to the same family Fucaceae, and 
the presence of the mastigonemes on the front flagellum seems to be a character of 
this family. However, the mastigoneme can be also seen in Protozoa generally. 
Brown (1945) has reported that a single row of mastigonemes exists on the flagellum 
of both Euglena gracilis and Astasia klebsit, and the mastigonemes exist either on 
both sides or on all sides of the flagellum of Ochromonas variabilis. Further, 
Pitelka (1949) has reported in Euglena gracilis, Astasia longa and Rhabdomonas 
incurvum that the flagellum consists of an axis in the center and plasmic sheath 
surrounding the axis, and one row of mastigonemes on the sheath. 

: The term of “mastigoneme” employed in this paper is the same as used by 
- Brown (1945) for the first time, and corresponds to “Flimmer” (Fischer, 1894), 
“hairy appendage” (Manton and Clarke, 1950), and “cilia” (Foster et al., 1947). 
Mainx (1928) has reported on the mastigonemes of some euglenoids, and V1k (1938) 
classified successfully Chrysophyta, Chlorophyta, Euglenophyta and Zoomastigophora 
after Deflandre’s method (1934), which divides the flagella into 5 types, according 
to the presence or absence of the mastigonemes as well as their position. Thus, 
the presence or absence of the mastigonemes could be a useful character in clas- 
sifying Protozoa, Flagellata, and the spermatozoids of Phaeophyceae or other plants. 

Pitelka (1949), in the flagella of Euglena gracilis, Astasia longa and Rhabdomonas 
incurvum, has reported that the sheath included fibrillar elements, and that under 
some conditions, was apparently always associated with death of the: organism, the 
fibrils of the sheath fraying out along one side only of the flagellum into fine lateral 
filaments, mastigonemes. However, in case of Sargassum, the mastigonemes are 
different from Euglenida. The author considers the mastigonemes of S. Horneri to 
be a natural hairy structure, and not such a fibrillar one frayed out from the 
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has a large nucleus supplemented with a small mass of chromatophore and of — 
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plasmic sheath as Pitelka asserted. 

Manton and Clarke (1950) have reported, in the spermatozoid of F. serratus, 
that the “thumbmark” appendage or the beaklike organ curving away from the 
base of the flagellum at the front of the body could be seen. In S. Horneri, such a 
pattern could hardly be seen in Figs. 4 and 5, so it is doubtful whether such a 
pattern really exists in Sargassum. 

The axis of the flagellum or the cilium, generally, consists of many fibrils, for 
example, in case of M. polymorpha, the axis of the flagellum consists of several 
fibrils, while the cilium of Jsoetes japonica consists of about twenty fibrils (Sato, 
1951). The flagellum of Protozoa or Flagellata consists of many fibrils (Korschikow,. 
1923 ; Brown, 1945; Foster, Baylor, Meinkoth and Clark, 1947; Saxe, 1947; Pitelka, 
1949). Moreover, the tail of spermatozoa of various animals consists of many fine 
fibrils also (Baylor, Nalbandov and Clark, 1943; Schmitt, Hall and Jakus, 1943; . 
Schmitt, 1944; Yasuzumi, 1950; Rotheli, Roth and Medem, 1950; Hanson, Randall and 
Bayley, 1952). In case of Sargassum, the number of fibrils making up the flagellum 
could not be determined. 


Summary 


The structure of spermatozoid of Sargassum Horneri has been studied by means. 
of the electron microscope. 

1, The body of the spermatozoid is too thick for the electron beam penetrance 
in the light field of the electron microscope. In the image however obtained in the 
dark field of the electron microscope, a round dense mass conld be seen. This dense 
mass may be a nuclear portion of the spermatozoid, which is considered also from 
the data obtained by the cytological nuclear stain reactions. 

2. The two flagella of spermatozoid have a plasmic sheath, and only the front 
flagellum has natural] distinct- hairy structures, mastigonemes. 

3. The axis of the flagellum consists of many fine fibrils. 

4. The front and hind flagella are connected with each other at the blepharo- 
plast of the body. 


The author wishes to express his thanks to Prof. Y. Sinoto and Dr. N. Tanaka 
for their encouragement and helpful suggestions during this work. Thanks are due 
to Dr. S. Okada and Mr. S. Sakata, Department of Radiology, Faculty of Medicine, 
University of Toky6, who kindly took the electron micrographs used in this work. 
Thanks are also due to the director Dr. I. Tomiyama of the Misaki Marine Biological 
Station where the present work was partially carried out. This work was financially 
supported partly by the Department of Education and partly by the Fuju-kai 
Research Encouragement Fund. 
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Figs. 1-8. Electron micrographs of spermatozoids of Sargassum Horneri. 1. Dark field 
images; formalin fixation. 2. Light field images, normally used in the electron microscope; for- 
malin fixation. 3. Dark field image; in posterior portion a spherical dense mass is seen; formalin 
fixation. 4. Osmic vapour fixation, followed by formalin. Mastigonemes are seen on the front 
flagellum. 5 and 6. Mastigonemes extended through the plasmic sheath which envelops around 
the axis; formalin fixation. 7. Plasmic sheath broken partially, and the axis appears. 8. Treated 
with centrifuge. Flagellum consists of many fine fibrils, the front and hind flagella are connected 
with each other at the blepharoplast of the body. 
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1) Embryo sac development of Dopatrium junceum. 


. Structure of ovary and ovule. The globular ovary is bicarpellary and unilocular 
containing an indefinite number of anatropous ellipsoidal ovules borne on two lateral 
placentae, each one of which consists of two lobes (fig. I-3). The single integument 
is made up of three layers of cells in ventral side. In two-nucleate embryo sac 
stage, the cells of a nucellar epidermis are already completely destroyed. An inner- 
most layer of the integument constructs the endothelium with the quadrilateral cells 
containing prominent nucleus and dense cytoplasm. 

Structure of embryo sac. The development of the embryo sac corresponds to 
the Polygonum type of Maheshwari which is common in other Scrophulariaceae 
(figs. V-1, 2, 3). The mature embryo sac is fusiform in shape (fig. V-4). The 
endothelium invests the embryo sac partially, and the antipodal and the micro- 
pylar ends are free. ‘Three conspicuous antipodal cells are angular and lie 
side by side. They contain dense cytoplasm and grow gradually after fertiliza- 
tion. In the time of the first endosperm division, they become most conspicuous 
and a few cells of the integument which cover the antipodal cells are broken down 
(figs. V-6, 7). The antipodal cells are gradually disintegrated after four-celled 
endosperm stage, but persist until the complete formation of the chalazal haustoria 
(fig. V-17). 

Two polar nuclei meet in the center of the embryo sac. Two synergids are 
pyriform in shape, each containing a nucleus situated in its micropylar side and a 
large vacuole in its chalazal side, and are completely destroyed in the stage of the 
first endosperm division. The egg cell is pyriform in shape. Double fertilization is 
observed (fig. V-5). Two polar nuclei and a male nucleus fuse together to form a 
large globose secondary nucleus with a prominent nucleolus (fig. V-—6). 

Endosperm formation. The endosperm is of the cellular type. The embryo sac 
enlarges after fertilization. The first division of the primary endosperm nucleus 


* No. 1 was published in the Journal of Japanese Botany Vol. 28, No. 5 (1953) 
** I wish to express my thanks to Prof. Yudzuru Ogura for the careful reading of the manuscript. 
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Fig. V. Dopatrium junceum. 1) Tetred, the upper three megaspores disintegrating. 2) 
and 3) Further developement of the megaspore. 4) Ovule showing the mature embryo sac: 
one of the synergids not shown. 5) Fertilization. 6) Ovule showing a secondary pole nucleus. 
7) Formation of two chambered embryo sac. 8) Longitudinal division of the micropylar cham- 
ber. 9) Longitudinal division of the chalazal chamber. 10) Transverse section of the two- 
celled micropylar chamber at the same stage with fig. 9. 11) Further stage showing four-celled 
micropylar and two-celled chalazal chambers. 12) Transverse section of four-celled micropylar 
chamber at the same stage with fig. 11. 13) Transverse division in each_of four micropylar 
cells results the formation of two tiers of four cells. 14) Lateral view of early stage in 
endosperm formation: proembryo divides into two cells. 15) Front view at the same stage 
with fig. 14. 16) Further stage showing the young chalazal and micropylar haustoria. 17) 
Ovule showing the fully developed chalazal and micropylar haustoria. 


take place with a transverse wall to form a micropylar and a chalazal chambers 
(fig. V-7). Then, longitudinal divisions in both cells result four-celled chambers 
(figs. V-8, 9, 10). These two chalazal chambers do not divide further, but act as. 
two uninucleate chalazal haustoria (fig. V-11). While two micropylar chambers. 
undergo further longitudinal division perpendicularly to the previous plane of division 
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resulting four cells (fig. V-12). Transverse division in each of these four cells result 
two tiers of four cells. The cells of micropylar tier enlarge, including deeply stained 
cytoplasm, and transform into four-celled micropylar haustoria. They immediately 
unite into a four-nucleate body (fig. V-16). The other tier of four cells undergo 
transverse division (figs. V-13, 14), and their further continuous transverse and 
longitudinal divisions produce the endosperm proper, which develops capidie into © 
multicellular tissue and forms a ellipsoidal mass of cells. These cells are character- 
ized by large vacuoles and lesser cytoplasm, but in the isthmus region near the 
Micropylar haustoria, a few cells arranged in four-celled tiers are crashed and 
deeply stained (figs. VI-18). 3 
When the endosperm is fully developed, the endothelial layer gradually disinte- 
grates. The micropylar haustorium becomes a large globose mass, containing four 
nuclei and deeply staining cytoplasm 
which is granular in appearance 
with minute vacuoles (fig. VI-19). 
This haustorium persists until in the 
mature seed and protrudes beyond 


the seed coat (fig. VI-20). 
Each of two chalazal haustoria 


becomes a large hemispheric body 
containing a large vacuole in the 
side near the adjacent endosperm 
cells, denser cytoplasm and a con- 
spicuous nucleus near the tip (fig. 
V-16). The large haustoria turns 
to a micropylar direction to pene- 
trate a short distance into adjacent 
cells of the integument. Their nuclei 
are located frequently in the active 
portion of the haustoria (fig. VI-18). 
When the haustoria become older, 
they shrink and gradually disinte- 
grate (fig. VJ-20). 
As the embryo develops, the en- 
dosperm cells around the embryo are 


gradually broken down except the 

Fig. VI. Dopatrium junceum. 18) Further * one outer layer which persists until 
stage. The endosperm cells surrounded the sus- 
‘pensor are crushed. 19) Ovule showing the fully 
developed endosperm: the endothelial and inner al layer disintegrates completely. 
integumental cells are crushed. 20) The immature In the late development of the seed 
seed. 21) Transverse section of mature seed. 


the seed matures and the endotheli- 


coat, the epidermal cells of the in- 
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tegument enlarge greatly, and their lateral and inner tangental walls thicken (fig. 
VI-29). Inthe mature seed, the thin walls of outer side in the epidermal cells break 
down, thus leaving the thickened lateral walls as reticulate small projections on the 


surface of the seed. 

The mature seed of Dopatrium 
junceum is ellipsoidal and consists of 
a straight embryo with two equal 
cotyledons surrounded by a layer of 
cutinized thick walled endosperm cells 
filléd with granules. A lignized seed 
coat, with largely reticulated patterns, 
consists of a single layer of cells deve- 
loped from the epidermis of ovule and 
of crushed remains of other integu- 
mental cells, and the spongy micro- 
pylar haustorium still remains at the 
- micropylar end of the seed (figs. VI- 
= 20; 21). 


2) Embryo sac development of 
Deinostema violacea. 


Structure of ovary and ovule. The 
ovoid ovary is, aS common in other 
Scrophulariaceae, bicarpellary and 
bilocular, and has axile placentation 
with numerous small ovules (fig. I-5). 
The anatropous ellipsoidal ovules have 
the single integument which is made 
up of three layers of cells in ventral 
side. In the mature embryo sac stage, 
the cells of a nucellar epidermis are 
completely destroyed, so that the 
mature embryo sac comes directly 
contact with the endothelium investing 
the embryo sac partially, but the an- 
tipodal and micropylar ends are free. 

Structure of embryo sac. The 
developement of the embryo sac cor- 
responds to the Polygonum type. The 
mature embryo sac is fusiform in 
Shape (fig. VII-1). Three antipodal 


Fig. VII. Deinostema violacea. 1) The 
embryo sac after fertilization: one of the syne- 
rgids is intact. 2) Formation of two chambered 
embryo sac. 3) Longitudinal division of the 
micropylar chamber. 4) The chalazal chamber 
undergo a longitudinal division perpendicularly 
to that of the micropylar chamber. Degenerat- 
ing antipodal cell is seen. 5) Two micropylar 
cells undergo further longitudinal divisions per- 
pendicularly to the previous plane of division 
resulting four cells. 6) Transverse section of 
four-celled micropylar chamber at the same 
stage with fig. 5. 7) Transverse divisions in 
each of four micropylar cel!s result the formation 
of two tiers of four cells. 8) The same indivi- 
dual with fig. 7, showing the micropylar cells 
united in its lower part. 9) Ovule showing the 
stage in which the chalazal haustoria have 
begun to enlarge. 


ee 


May—June 1953-- Bot. Mag. Tokyo, Vol. 66, No. 779—780 145 


cells are angular and lie side by side. Their nuclei are poor in chromatin and im- 
mediately disintegrate after fertilization. Two polar nuclei meet with each other in 
the center of the embryo sac and fuse to give rise to a large globose secondary 
nucleus containing a prominent nucleolus. Two synergids are pyriform in shape, 
each containing a nucleus situated in its micropylar side and a large vacuole in its 
chalazal side. The egg cell is pyriform in shape. Disintegrating synergids persist 
through early endosperm divisions (figs. VII-3, 4). 

Endosperm formation. The pattern of the endosperm development is uniform, 
regardless in the normal or in the cleistogamous flowers. The endosperm develop- 
ment of the cleistogamous flowers are, however, better in growth than that of the 
normal flowers. The endosperm is of the cellular type. The embryo ’sac enlarges 
after fertilization. The first division of the primary endosperm nucleus is followed 
by a transverse wall to form a micropylar and a chalazal chambers (fig. VIJ-2). 
Then, longitudinal divisions in both cells result four cells (figs. VII-3, 4). Two 
chalazal cells do not divide further, but act as two uninucleate chalazal haustoria. 
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Fig. VII. Deinostema violacea. 10) Fully developed chalazal haustoria. 11) Fully develop- 
ed micropylar haustoria. The endosperm cells surrounded the suspensor are crushed. 12) 
Transverse section of the micropylar haustoria at the same stage with fig. 11, showing four- 
celled haustoria. 13) Transversal section of the same haustoria in the individual of fig. 12, 
showing the micropylar haustoria united in its lower part. 14) Ovule showing the fully 
developed endosperm: the endcthelial and inner integumental cells are completely crushed. 
15) The mature seed. 
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Two micropylar cells undergo further longitudinal division perpendicularly to the 
previous plane of division resulting four cells (figs. VII-, 6). Transverse division 
in each of these four cells results two tiers of four cells (fig. VII-7). The micropylar 
tier of four cells enlarges and transforms into four-celled haustoria. Each of their 
two cells immediately unite in its lower part (fig. VII-8). The other tier undergoes 
transverse and longitudinal divisions and produces the endosperm proper, growing 
rapidly into a multicellular tissue and becoms ellipsoidal mass of cells (fig. VIII-14). 
These cells are characterized by large vacuoles and lesser cytoplasm, but, near the 
chalazal and micropylar haustoria, a few of four-celled tiers in the isthmus region 
are crashed down and deeply stained. (figs. VIII-10, 11, 14). 

When the endosperm is fully developed, the endothelial layer gradually disinte- 
grates. The micropylar haustoria become a large globose mass consisting of four 
cells. Each of these cells unites in its lower part and contains a large nucleus and 
deeply staining cytoplasm which is granular in appearance including many minute 
vacuoles (figs. VIII-12, 13, 14). When the haustoria become older, they shrink and 
unite to form a four nucleate body persisting until the seed matures (fig. VIII-15). 

Each of two chalazal haustoria becomes a large hemispheric body containing a 
large vacuole in the side near the adjacent endosperm cells, denser cytoplasm and 
a conspicuous nucleus near the tip (figs. VII-9, VIII-10). The large haustoria 
penetrate a short distance in adjacent cells of the integument in a micropylar direc- 
tion. Their nuclei are located more frequently in the active portion of the haustoria. 
- When the haustoria become older, they shrink and gradually disintegrate. 

As the embryo develops, the endosperm cells are gradually broken down around 
the embryo except a outer most layer which persists until the seed matures (fig. 
VIII-15). The endothelial layer disintegrates completely. In the late development 
of the seed coat, the epidermal cells of the integument enlarge greatly, and their 
lateral and inner walls thicken. In the mature seed, the outer walls of the epider- 
mal cells, which still remain in thin membrane, break down, thus leaving the 
thickened lateral walls as reticulate small projections on the surface of the seed. 

The mature seed of Deinostema violacea is ellipsoidal and consists of a straight 
embryo with two equal cotyledons, surrounded by a layer of cutinized thick walled 
endosperm cells filled with granules. A lignized seed coat, showing many reticulate 
Patterns, consists of a single layer of cells developed from the epidermis of ovule 
and of crushed remains of other integumentaly cells, and the spongy micropylar 
haustorium remains at the micropylar end of the seed (fig. VIII-15). 


3) Embryo sac development of Gratiola japonica. 


Structure of ovary and ovule. The globular ovary is bicarpellary and bilocular 
and has axile placentation with numerous ovules. The ellipsoidal anatropous ovules 
have the single integument which is made up of three or four layers of cells. In 
the mature embryo sac stage, the cells of a nucellar epidermis are completely 
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_ destroyed, so that the mature embryo sac comes in directly contact with the endo- 


thelium. The endothelium invests the embryo sac partially, and the antipodal and 
the micropylar ends are free. 

Structure of embryo sac. The development of the embryo sac corresponds to 
the Polygonum type. The mature embryo sac is fusiform in shape (fig. IX-1). Three 
antipodal cells are angular and lie side by side. Their nuclei are poor in chromatin 
and immediately disintegrate after fertilization. Two polar nuclei meet in the 
center of the embryo sac and fuse to give rise toa large globose secondary nucleus 
containing a prominent nucleolus. Two synergids are pyriform in shape, each con- 
taining a nucleus situated in its micropylar side and a large vacuole in its chalazal 
Side. The egg cell is pyriform in shape. 
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Fig. IX. Gratiola japonica. 1) The embryo sac after fertilization: one of the synergids is 
intact. 2) Formation of two chambered embryo sac. 3) Longitudinal division of the micro- 
pylar chamber. 4) and 5) Transverse divisions in the micropylar cells to form two-celled 
micropylar haustorium and two central cells. 6) Transverse divisions in the central cells result- 
ing four tiers: the integumental cells of chalazal part contain large nuclei and dense cytoplasm. 
7) Young stage of endosperm formation. 8) Chalazal part of young seed showing three tiers 
of proper chalazal haustoria and a few degenerated endosperm cells. 9) Micropylar part of 
young seed showing two micropylar haustorial cells situated in its basal portion and a few 
degenerated endosperm cells. 10) Ovule showing fully developed endosperm: the endothelial 
cells are crushed: the endosperm cells around the embryo are broken down. 11) Transverse 
section of chalazal haustorium: a tier consists of two cells. 12) Transverse section of micro- 
pylar isthmus region: a tier consists of two cells. 13) The same section consisting of three 
cells, 14) Transverse section of immature seed. 
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Endosperm formation. The endosperm is of the cellular type. The embryo sac 
enlarges after fertilization and disintegrating synergids persist through the early 
endosperm divisions. The first division of the primary endosperm nucleus is follow- 
ed by a transverse wall so as to form a micropylar and a chalazal chamber (fig. 
IX-2). One subsequent longitudinal division is observed to occur in the micropylar 
cell, thus the micropylar chamber consists of two cells (fig. IX-3). Then, in the 
chalazal chamber a longitudinal wall generally laid down perpendiculary (rarely 
parallel) to that in the micropylar chamber (fig. IX-4). Next, transverse walls 
are laid down in two micropylar cells. The result is a six-celled endosperm, which 
is made up of three tiers of two cells (fig. IX-5). Two cells of the chalazal tier 


undergo one or two transverse divisions and develop into the chalazal haustoria | 


which are made up of two or three tiers of two cells containing dense cytoplasm. 
* Two cells of the micropylar tier do not divide further and form uninucleate micro- 
pylar haustoria containing dense cytoplasm (figs. IX-6, 7). Through the seventh or 
eighth transverse division, the middle tier develops into linearshaped mass of cells 
consisting of many tiers of two cells (fig. IX-7). Then, a few middle tier of these 
cells undergo further continuous transverse and longitudinal divisions to produce 
the endosperm proper, which develops rapidly into a multicellular tissue and forms 
a oblong-shaped mass of cells. These cells are characterized by large vacuoles and 
lesser cytoplasm (fig. IX-10). 

In the early stage of the endosperm development the integumental cells of 
chalazal part contain large unclei and dense cytoplasm, and become nutritive tissue. 
As the endosperm becomes fully developed, these cells are lost their contents and 
their walls thicken, thus the hypostase is formed. (fig. IX-10). A few cells of in- 
tegument of micropylar end are lost their contents and their walls thicken, thus 
the epystase is formed (fig. IX-10). 

Three or four tiers of two cells near the chalazal haustoria penetrate a short 
distance into the hypostase region and contain deeply stained cytoplasm, and they 
are probably considered to have a haustorial function (figs. IX-8, 10). The endo- 
sperm cells around the suspensor contain dense and deeply stained cytoplasm. 
They do not divide further and are pushed into the micropylar portion, thus the 
Narrow six or seven tiers of two cells are formed (figs. IX-9, 10, 12; rarely three rows 
as in fig. 13). They are probably considered also to have a haustorial function. 

L.M. Glislé (1933)* in his account of Gratiola officinalis explained that the 
original two cells of micropylar tier were divided into six or seven tiers, but in my 
observation of G. japonica, the original micropylar tier does not divide and is 
Situated in the basal portion of ,micropyle. The other haustorial micropylar cells 


are derived from the endosperm proper and may be identical with the cells of the 
isthmus region of Dopatrium junceum. 


* L.M. Glisi¢é, Zur Entwicklungsgeschichte von Gratiola officinalis L. in Bull. Inst. Jard. Bot. 


Univ. Beograd II-3: 129-152 (1933). 
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When the haustoria become older, they shrink, but still persist in the mature 
seed protruding byond the seed coat (fig. IX-14). Proembryo has the elongated and 
filamentous suspensor (fig. IX-9). In later stage the narrow basal portion of the 
proembryonal tube becomes crushed and obliterated, while the broader terminal por- 
tion, which is destinated to give rise to the embryo proper, becomes favorably placed 
in the central mass of endosperm. As the embryo matures, the endosperm ells arec 
gradually broken down around the embryo, except an outer layer of thick-walled cells 
which persist until the seeds matures (fig. IX-14). The endothelial layer disintegrates 
completely. In the late development of the seed coat, the cells of the epidermis of 
the integument enlarge greatly and the lateral and inner walls of these cells thicken, 
while the outer walls of these cells which remain in thin, break down, thus leaving 
the thickened lateral walls as reticulate small projections on the surface of the seed. 

The mature seed of Gratiola japonica is oblong and contains a straight embryo 
with two cotyledons, whose cells are filled with granules, surrounded by an outer 
layer of cutinized thick-walled endosperm cells filled with granules, and by some 
crushed remains of endosperm cells. A lignized seed coat, showing numerous reti- 
culate patterns, consists of a single layer of cells developed from the epidermis of 


ovule and of crushed remains of other integumental cells. 


4) Differences of endosperm formation of these three genera. 


In Gratiola japonica, the fourth division of embryo sac is transverse, thus the result 
is a six-celled endospem which is made up of three tiers of two cells. The micropylar 
haustoria consist of two proper haustorial cells and of the narrow isthmus cells 
which are composed of six or seven tiers of two cells derived from endosperm pro- 
per. The chalazal haustoria consist of two or three tiers of two cells derived from 
the original chalazal chamber and of the narrow isthmus cells which are composed 
of three or four tiers of two cells derived from the endosperm proper. By the nar- 
row haustoria arranging in many tiers, the oblong mass of endosperm, and the 
epystase and hypostase regions which are formed in micropylar and chalazal ends, 
Gratiola japonica remarkably agrees with Gratiola officinalis. 

In Deinostema violacea, on the other hand, the fourth division of embryo sac is 
vertical, thus the result is a six-celled endosperm which is made up of two-celled 
chalazal tier and four-celled micropylar tiers. The micropylar haustoria becomes a 
large globose mass consisting of four cells which unite in its lower part, and the 
isthmus regions are composed of two or three tiers of four crushed cells. The 
chalazal haustoria are composed of two cells, each one of which becomes a large 
hemispheric body and penetrates into a micropylar direction. The endosperm proper 
becomes an ellipsoidal mass of cells. The endosperm formation of this kind is 
entierly different from that of Gratiola, and mostly agrees with that of Dopatrium 
junceum, although in the later the four cells of the micropylar haustorium unite into 
a four nucleate body in early stage and the antipodal cells are conspicuous. 
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Seizi TATUNO: Geschlechtschromosomen und Polyploidie von Catharinaea. 
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IO— Catharinaea (2 Fa) OANA StL (1904), Heitz (1928) 
DUFOIKD, Wee Hh HEH (1938, 1950), bel (1951) Ko THE Sh, n=7, 14, 21 DB 
OPO, 7 REAM L TS PRED DN Snr. HL, ABCREKEREAREA CNT 
WHO, ZL CEREADIECE L UCHREKOBB STORER MRICCNLBAL, HF 
SET PORE LE HEB CK LL OBR LEDWDIEULKROTC, CCRT S 

ABDPRUCHW CHKHMARU SO HSH LRICRT MK CHS. RHA E SK 
Omieklh 8-e 474797 vy 0.002 2 C1 AIMEEL, WiRes et 1 - ew, Jee 
[th DBI WAMER eA DATBR LIS 


1K MRNA Lee OBNREREK 


(Die Artennamen der untersuchten Moose, deren Fundorte und die Chromosomen ) 


i om 4% | weme te | ROR et it 
Artennamen Sexualitat ai Sag Sp Karyotype Fundort 

KBE REAR AAN - 

Catharinaea undulata ; F MSS ARM Dt mY - AAAS 

Web. et Mohr. : 7 | SO) +8V+2I+h | RAB S Be We 
| : | 1 | S@OHCY | ganamenere 
C. gigantea Horikawa * 7 V(X)+3V+2J+h | BRI LEK AT 
36 7 _ ICY) +3V4+2J+h BBA 21a AA 


C. undulata OVEREREBAR AE 

C. undulata DYE RBIS KINFED BOC Heitz (1928) a* n=20 JU 22 ELK 
D, FA (1938) (LAFPHOLOC n=21 Liiftse Ute, HICH (1950) tk 2=7 DOL DOES 
SLE WED, AANCA—-PKLEMALPDOSL EBD DoK, THERE EKAGECING 
— PRES MARE eR TSI LD Ht. GES Schimper (1836-1851), Dixon (1924) 4&4} 
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CE UEHET PRD & OD id Heise) kIVC, TS LAWERETEO HBS (, 5 UT, BH GORA 
(SHUEY SMEME ERO Ty 2= eR (m=21) “C, ENDED Hi o— Atk (m=7) CBS 
CERDPOR, LO MRILS AMA LEN TIRED L C/E CHS TR RUNS BEL SC 
NIGISZALD $US BOT, Lik C. undulata var. minor Web. et Mohr. } SH TUS 
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1) —fhoORA EH 

PA OMACKS &, WOT L ¢, —HER (n=7) IEIWEESLHE, CZ AUTIS PER RDB 
HEN. 

HERO A X WEB MHUAC, Bl V PIRI, 2 MAD BRE DN} > Fe ET 
WERTH S G51 Ble), BM SU— APA AOWVRO MWA, WEIS — DIE ¢ 
KibM SNS. HEID K BAKO GSH RE elf, RY 1952) BMAF avF 
» a7 (Mniaceae) DRM otk X LRACMECHS, BICAMO X WhO 
FIOTERGAC ONS k CREST, 651 YM 2 eo RCH aa, Sdn X 
DRED LAS PL, CONC ES ZEAL ATMIOAW] GS 1 Bc, d) 
“2MEKIB RSS 2.EEOT X O—BC, HIOAKRMELA LAW HOMCHESLEBDYS~ 
NPIS RIFE FE OT TD O Bld TW Cl SEANCES RS HOD’, BOI 
BDHED CEO TCR ANC BBA TKS MSE OMELET £ ROE 6 
ta D , MEKBEO PANIC BD SHO APRA MIO TH AGH], MS XK Ye fafkoOAep pr eee 
2TZOCE, MIMARHAMeRTDOOCHS. MUCULK X OFA AT Ie 
rH (5 1 Bb) Cie ae, 

HEROD Y (RHEE RA PIM AB OYE AO—OCHS (A512), PHU X KD 
SW. COBEF aVFY~TFTHO Y LMR I FBC 2 BRERA. HKCU 
OWA, HOKGZAGCRBOWMU (BH ONS, Y BROW R ee, TT Cs 
1 lf) CRE DOMBOARRIES SZ, Y ORES HOARE RHO MATIN TAD 
X DA TAGPE RHO OWE LR SEE CH SILAS (651 Bg, h)o 
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#§ 1 & Catharinaea undulata monoploid. 
ae 3a PHP, X RU h OF BMA (Interphasekern mit den heteropyknotischen 
Kliimpchen eines X u. h), 6 X O#BHERERE C(Spiralstruktur des X), c-d pi] (Propha- 
sekern), e "pj (Metaphase). f-i 36; f PHM, Y RUh OMB MA Cnterphasekern 
mit den heteropyknotischen Kliimpchen eines Y u.h). g-h fii} (Prophasekern), i pi} 
(Metaphase). Vergr. 2700. 
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EOTHOT, HhbitlS X KO Y PETE: TU PSI RORKS SIC THER TH S 
D6, 6 ES X RO Y ORV S OMISHA Bt BA CNS. FEOTHRER 
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3% 2 Bl Catharinaea undulata monoploid > te fKO} & RHR e TMK (Schema 
der Chromosomengestalt und Heteropyknose von Catharinaea undulata monoploid): 


Hi AREAD 6 (AIRWEMEI A & ZHShr 3V, 2J, lm CHEKEOM CRU AS SI HET 
FALKIEST So FD 5 SHEKOMED m id, V PFRCH SD, LHAWMORhCRee 
Wize TBD 6 UWOMAMOWS LAR h CRITI DHISES, FED TATED Blt 9 K= 
V(X) +3V4+2J4+m(h), 6 K=JCY)+3V+2J+m(h) CHSQ 

3 ATR P ORR AR RS BEC 7 OS t =p°He bt, (mec 

HIDE RY DRAGER LA So GEOTAMID He efASUEKO Un (CBS: 
2 6+X, S$ 6+Y. 

(2) Sei 

C. undulata D= MKD YetafkRleJEtc Heitz (1928) tt n=20-22 & UL, 32 (1938) 
(ROM m=21 LE LIB, ATMA D Atl Ke Le FRE RAI DA TORDOK, 

TARAS 1 RCRD Sb, ABUSE 7 Him 6 LE AHKO Heath RRR Sa 
Lik, t4ORRH 4 cman <, 21 {BOD Ae C&P FLEW ACTS CIR RE HEE tie te Reef HeDe 3 


a zy pyre. 


3 3 & Catharinaea undulata monoploid. 
WEA, X-Y saz 5 (Heterotypischen Metaphase, X 


-Y-Geminus sichtbar). Vergr. 2400. 
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IDS. €D 3 HDF S 2 fMlk—-E AD X LB 2M EKO V FI, Hho 1 fle Y 
EME 2 REDS S J FUCHS, HHO 18 (MS— BAD TEA LR EOD 3 HD 
FIIOTHYD, D545 3 MOB V PYAR h CHS: 303V4+2J+h). FEOT, 
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#§ 4 § Catharinaea undulata triploid 6. 


a PRIS, 28> X, 1 (POY & 38 Oh ORBRMAS VD (Interphasekern, heteropyknoti- 
schen Kliimpchen von den zwei X, einem Y und drei h-Chromosomen), 5b fi#} (Pro- 
phasekern), c ‘PHARM, 2114 Owe fase 2nS (Kernplatte, wo 21 Chromosomen 
erkennbar ist). Vergr. 2700. 


CO, BSR — PAO X #2UL, Y % 1 MARRS, FEO, WERRD Aa phos 2 MLL ME 
FEO ALD 1 HD 6RA=PMACKRBSSEOD, TORSHE, — DEA RREDS <, WE 
KERR E ZOTWAZDCEEWODELBAGNSS. 

BEKO Heitz RU MMO= LARA OBE Lissnetke TER Ze EEA AKO & DTHS 
DEIDISRHFCHOT, KRRMCLELECAENSAMO= HAD Me AHR OW THE BE 
SEORUCMADLVECHS, BRtEn6=EARO RRL PELE OB RICOW Te 

es 4 EC, CREO TES ROMERO THIN LW EBS © 


$5 Catharinaea gigantea. 
a-c 9; a HRT, X Re h OR WeY (interphasekern mit den heteropyknotischen 
Kliimpchen eines X u. h), b Rij (Prophasekern), c '1§] (Metaphase). d-f 6; d 
Ae, Y RU h ORE (Interphasekern mit den heteropyknotischen Kliimpchen 
eines Y u. h), e Biit] (Prophasekern), f i] (Metaphase). Vergr. 2700. 
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C. gigantea © tt % & 


C. gigantea (2KVOAFTC, COASB Slawizd C. undulata DO= PE RITIEW ELE OCH 
Za, TOWIE nN=T CHD, ZF UCHMEETD B 0 MMOD ULES fe LEBES D & HD 
CHE ADR ON]. HE 5 MNCHTM(, FOVBEMLONE HO PAB RO RT AIA 

Aka Cited C. undulata O—PIKOZTHNLARCH Sb, CO CH LIM One 
 -s3 HSM 9 K=V(K)43V4+2J+m(h), 8 K=JCY)+3V4+2J+m(h), HOTA 
FOWA HSE & IRKOMN< CHB: yy 
Q 6+, 6 6+Y. 

BDIDEA, PIPE RD 2 PICK AEE BREAK, HE, = 

FIROBERICBELEST. 


Résumé 


1) Bei zwei diézischen Arten von Catharinaea, eine Gattung von Laubmoos, 
konnte ich ersten Male die Geschlechtschromosomen entdecken. Ihre Chromosomen- 


formeln und die Karyotypen sind die folgenden: 


Chromosomenformel Karyotyp 
Q 64+X V(X)+3V+2J+m(h) . 
C. undulata { 
& 6+Y VCY)+3V +2J+m(h) 
Co Beare Q@ 64+X V(X)+3V+2J+m(h) 
. gigante 
cs ee { 8 64Y V(¥)-+3V-+2J-+-m(h) 


2) Bei einer monézischen Pflanze von Catharinaea undulata stelle ich fest, dass 
sie triploid mit die Chromosomen »=21=2V(2X)4+J(Y)+3@GV+2J+h) ist. 
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Shogo SAWAMURA: The Effect of 2.4-Dichlorophenoxyacetic acid on the Staminal Hair 
Cells of Tradescantia in vivo. 1. 24-D sodium hydrate effect on the mitotic cells 
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24-D (dflifor vEr~bLUTOARGS, BEOMMOM BR UCMLCTLAt HEN 
BRD YD, BVESRIKAC HVT & EE EVRA L U CES RS DIC PSE S tr, 7k EPLBAE 
DMM EIIOW CRE ( OMEDSS. UML 2.4-D ORME ORE % MeOH 
WHEL te ¢, REL ZOVMEN % Cell biological Oir3hy CRN UBS 

ASHI ISO TK 2.4-D OMPMNCRIS TE SHAS SH 1 KEL UT 2.4-D yo 
OP: 22 AE RHA OW CHL ID CEO BRAWETS, . 

BHR UA & 

bFYtYAZRY (Tradescantia reflexa) OmeihOZOMLAE & UCHA DRED 
2.4-D y—2 ii CAPE )** ei Ate 2% PERS 1% SRM LOMB UT 
Wh CHS LERCH LI WIRE UT 2% FEB Sts 1% SKN AE Mnf 
UTHELK. 
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ELOMBORBHORIE, TIAFY FRUMBOARZTO Mo RI&T 24-D Y—HhE 
(LYE 24-D) O@@ x AiR WOW THR URHERe ELC OSLAEIROLICES. 

Liv 6 OZ RHEE D 1%, 0.7%, 0.5% CAME 15 1S 30 FUN CHA ORDE 
RANA, MICA BZRORPOY-LOSFSVYMHRRWLRS. CNC BA 
OF rib assert b, MERE 25 4 7bB LRN CR Ze Y-LAOMMCA< HLL, BLO 
WO BSA AALS b, APC ROMA EE BIRT MEU CIB EKO A & 
BT. 1% MEO COMBS AR 2A ACHES S EF MELLRBAROMWAO BAAR 
AS ICAI UBALTR—itpkAGHNS (8 12,3,0,. CHAEBROMMRDTeEZYY 


PweCKBANLOR SD, COREE Y-FHROMECE S KMPH OKS RPO 
WSStLDEB*AG6NS. , 


LOK 5% 24-D OFFABHNRSETE 0.7% CRRA LBL, 0.5% CHO 1k, 


eS er AE NS te Oe ER ihe By ME BI tae 

+ eT 24-D v- FON AC OM TARO LE Sicadm itis Se 
BRR 2A KZ aan 7 ar eo RRY — KI 95% Ub 4 FZ BRN 7 = 2 x VY BEBE 80.570 
DLE). Jeb ma ax On 5% LIF. ARMEHE (1.000 fH) OARHA + v UME 7.5~8.0. 
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AFIPHIADY OWEN OF OMG i 36> CAFE Le 
ta = AE FE SRIIGL © HERA IE AHI 2 AFB AG Ph Be SIE PE LBS BG OY ME(SEHE) 2S METH IC BC 
OBREAT S15 CS, PUP REMHOL OLA OL OCA OA VERGE ER DSS, 


REPORTED 2 O OA ILIAC MODRR 15 AACMIMC LOT BRA OB 
[EDR ONS 

0.3%, 0.2% MERCIER 3 HACAMBOIA LAS, TREAD 22, 
DCLROEOMBSE LOB’? AMABRSZORBAGHS, 

0.1% RUZ LF OA ALIS HE CREE A ICAO FER IBRTS LOL, ‘ancoesee 
Mie EI 4 LCRA SMWOSSILVM-RECALHDGENS,. LOLLBMZOM 


RE KOT 2.4-D EMS SMHS LUBRSDS ZOAREH, BSLORS OHHH 
— SORTER ST SLOLBAGNS, LOW hsAMwWAoOe re S—LOLMROGRE 


FURIES TET ODS, SHLD Ee BDH Ke LOMA NT SAAN AIH 38 L, WR Ode 


KEOWREHD TA Bh, RUrlkt DAMIO LAS MIAN 7S AF Y FO SHED 
#SnS} (BM 5, 6, 7), 


TIAF I FOWBLL ERS RRD SAK CHOT 2.4-D RSS WED LOM, 


Clk 60 AU EEO SMR LID, TS AFY FOREIRA BNREDOK, LHEOR 
Rk 2.4-D D 0.1% MEH D MEAGRE OARS S (LON THANE LIELEMBSHS, 


7, 


"ee eee 


ee 


ey 


ee eee eee oa 


_ a oes ana + 
Lich . kat Salty 
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PLU GELEE (0.03% RUTHIE) ssw Tit 10 AIH 14 Aik SAF YEO 


— REED AGCNS. HMR TS AF Y PORMRMCOW TAGES 2 PE CHE SB, LO“ 


5 THD ALTA PEE OPA RUS LISI E (0.1~0.7% ) MLE xo sW> TLD Die eR 
SEROT 24-D OM CH Shier ve -HEMIRKOTHMNC AERO RBREEDSAG 
RSEtEDLBA ON, [GRE (0.03% LAF) MEER 2.4-D OljJpRAr er MIMCESLO 
tAbnS, 

ATOR ts 0 SEAN UC H SWIG OMNES BRN OPPS & Bic HIER 
SIT. SK (0.08~0.01% ) Wo sV TRAIT O MMs ZH & ADIL ID TONE 
DINT LIGA UM CMB OAREFTLORPALGHS (M 8B, 9, 10), 

COBRA Mt SEBS KS APRS 3 OS AEIR = A 2 RO RABREO HK b &™4R 
LEBRONSRM, 24-D SRLEWHMIEO EDOM CEA TO HE, MIAO 
SO MINAD (ISAT SIL SRS, Ee 24-D MH Row CMDB FS MEK AMG 
AND COWRILA BNEW. 

BNI Die THE AT ee, AMIE & ee UT ANIM OA FH GENS LSA 
He Eee LV BO HS SHH CHSDL LEWD, 24-D v—AH OMANI KOTHMIO 
Be THIF ADORED D MMIAADIARKTS LOL BR GHSo 

B. SHRED EAN RET EH 

C1) Hee ER 24-D OD 1%, 0.7%, 0.5% DIREC, HUTA EH LALER KR 30 


PUTER URED Y MEDD, ZOU, CE DRM DIS FAHD & ORMAT 


TOR, BROVADMBNCBES SB LODKROSMOMNF MESS (AU, 1, 18, 
14, 15), © OPER CH ADEA BMI 35 0 STH ORBDUNS 0 

0.3%, 0.2% DjREEMEE CE ETROMARO PUNK HSL OEEOUMET BL, RAE D 
PURO dS tL OAGAXETIS~ 


S OCMILBED 0.1%, 0.08%, 0.07% CieZBRWIO MPA k DOORUEFLAW eS 


TPS. 


SBR 2 A AIC i CHILD FCDA ARDS SL LOCH SIR 0.03% KRU 


VLA FOIRECH OT 0.03% CARMA ALNZFAREHSTLRTH SRB, 0.02%, 
0.01% CUEERKODAMADA GENS, 0.02% C10 )J 18 A 10 Be 25 4}, Sth 3 HAO 
10 4 20 A 12 BCH Ch ats 2 FORPRReASZLLACEK. 

(2) YetaADRBRUAH, SHORE SO THAME DBC DK oe, RE 
AO BRhIA 50 STH OEERORIHOMRDA 61S (BM 16~27), Irnrldyetatk > b 
Vy FZADBPELTAF IF ACHRMOKLDLEBASHNS. CNGEOWRE 24-D MEIC Is 
CO SA BET HED aT Kk DZD SD, BK OFBRMICARSENS. 

EFBRUA RDO AT Y +1 OWES EWIRORKT % MANIA Se, HAA tsk OF 
PERRI RS KOT ARS EES ARSE BUD OMI DT SNRWOERB BEA ROBT bo 

2.4-D ML ee, ABH K DAG HAS SIRE (01% ROSHIUE) CREED 
AFI AREKGHODBWRRKA 6H, IPO BAD HELL TC & PES OBES LPL LU, & 
PR ean hid pe OD Hee & RN Ae BES So TTB U PER PK UC IL Re £ DS 
DEC AMMGROW RIE DAF 4 WAHL BIAMIO (TNANCAN SR, MukBALLT 
4 WIC ERIC ALA CS FUE 2a TROVE UTHIN (BI) 28, 29), Ee Pee Hey 
SEAN THE URINE RRS SHEE BS CA 30, 31). 
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(3) ARSE TEE 2 AMOI BK Y oP SO WT BIE O16 ROL 
DLLE) CGRRKOEM, PMMA T Y +1 BRAKE OL SIE EOTRG 
PUAD MBC 2 BBL, TOBA ML, LO te ABM Bw CAE TB RO aK 
Ap Zo 7 OSU O AEE BLE DCO TEI ERIC IND OMB D SO G1, WK 
DAINTER UC#H REF SGSLHS (A 32, 33). : 
KERN RK ORO SEEDS O AFT I+ AYO RHE KOTHE SH, Fale 

Spite: LTC TI ED BRIE He MEE EEN AT Ye 1 BERS MRIS RET SBT ED AA 
i ox RE WL Heb Ye te kh O MRD DNTO.. FOKOCMSCENEL, Ee eOM 
CS ROBE tc KOTMMMOU RS CAS, SHOVE U Mile A CEL, 2 all 
WLS, LOKS BAMA CMB AOBNSBE LI. LD LIOBWRO 2 GAMO 
FRILAO D7 A VAL GRE 1952) kS 2 BANBOMBL 4 TOMEI STH © 
FU 0, YtkD RGPBRC LE 5 TRAN RCHEO THES a THK «(BI 34, 35, 36, 
37, 38) 
LOKI RPHORHBWR 24-D OPMCKSEDCHD, RAKORBTIMEEOT 
AL CTE RSE BRO RIZAL O Fa RIK ibe 6 Wo 


s Ss 


EES (1950) th 2.4-D OPERCHENERRR IC UC THOS CIO BESO RL, ALO 
PEEL DEL DO IPRENORMEIC ROCHE I OWRDEER LUC BD, HARTER BT RKED - 


ee ee ee REDS St ESOC 


BAdILIMBETWS. 
SER DS 2.4-D OPEN (LOU CHAZ Zt OMNIDFE BZ SLC KE, HBR 


“BR (1~05%) lsswClt 24-D OME t JE UE ER RIC SSE LAMP BEL 


DEAVVY-LOFFVIYRMPAGCNHZERES. OWCHAROMPMAD FT {Ep By & 

75 DBI 27 BP — bh OED IE Ly MUN SED & SEA VME AS LE 6 THES S 0 Ue 
MEK Kk ZSANAORUE A BED 2.4-D y—stiir ww es CCMIANAORE, 2-12 

AbBNSZ> ; 

SPCMLIRNE (0.08~0.01% > MLAB t5u> Cid LEWIN AUN AE TE RE LDCS, F ILOO 
5B, BULLAAO ZILA LE LEACH SD, 2.4-D MBB CH MIELICMMICET 
DE IGALOBW LAMRS SNMCHS 
CH EOMRid eG IBED 24-D ic k Ske PHOBIC ELS C LOLHBAGH 
OD, RA OMB COMR 2.4-D Ok SH MAO MMP HORMOCIES ATA CU 


(1950, WES 1950) OHNE RA CPOMMeBSSLEMLULNED, LNHEOMMBMD TB 


2A-D MUBEN & SHERPA BENE BS RL, & THEO HERO IH, IRE PEHE (FEES 1950) 


ae oo EES ILS. 


0.1% KOSH FO SMOG ELEC IGA CHO FULT SLOL, MAMOVE RR 
B4AVT 24-D OHNO S SER CAMS Z OIRO CHENG RES SL OLR 
i ee Kish "ALO 
Hiab tRor EDBAGHS, 

2.4-D DAMN S S Kr PMWM ABOWKLAKOAR GPS ZAFIE Oak 
EWM eSASESC 0.03% UFOUMRP MEW 10 BE 2 WP Zs AaFy 


es 
*» «45 eggs 
~ Hy ae 
a yy ae 


Ae Wha 


PORE EOMPAMEDIROTA LNSLOHHS, TIAFY POW, LK, KOI 
TE OSHS ESA OFM $5 TAG HE EC BOTHER LD PAB COW MN 
WBE ZAR TH CHS 

Swanson (1949) (d#I#e% Ik 2.4-D MERI EDTA FHPAYV ALY OMERRAD MY 
HCE ETS. LICE (1948) D 2.4-D HRIATSCO MINS & TUL TLIEAD TEBE BRB 
IEDIPEOHSEOE (Grigsky 1945) SPMcCALHENTWS, LALBMWNclt 24-D O 
Hej iB LIC WMe ee ¢, GEHL 2.4-D [ed HNl DPBS SH Re PLU LD (EE Se 
ASLO LPM NTS. 

SE DESC SMI D A BC BE UL CRE TIO Bi DE Gt, ROME, FeteRo 


AFI * AUR Str, CORRE DAF SZ—-BMRMOMIR oe, WU DAN, AGO - 


JK ROARED 6 2 ANDO MIE COR MLORLB SG 6S. 

CHEDDAR KD 2.4-D LUE AD ATY +4 WRERILL, YWAROMBD Zw 
BUNK 330 SoH ILS SHIN CHS LHP ork, COMMLAMWO Bee two CANE 
PETE LWo CIGD 24-D ORWEMISTVEA LARC CORIE LUBA ATS LOC 
D V MOM AL SSA SACHS LHW SHS. j; 

ULYLARRO Jk 24-D Y—-FHICKSLOTCH), SGM, 7 evi kO 
T 24-D DEH VIDS EDDA} 

AS Bae HES 4D, ARES 7 SHS LRU 7% b Gt HA Sede, COPS 
PETZ LD 6NCABAP EA OWNEERICRED So 


# #) 
24-D. Y— FH OMICS SEN SIT 4 Y 27 OME OAR AOC PRICE 


DTH LE 

24-D Y—FHORMIRBE (1~0.5% ) MEP C RE ACIS MEOW T Fv 
(6, (BBE (0.08~0.01%) ClARWOAMeHRT SD, LL, 7» (LoORMwls, Z 
OAAD AL LANOABIMED LE LICALNS. CHEOBILAIABAD 24-D y— 2 HHIE 
k SKA OMRE LES EOLBAGHS. 

0.1% RUSHMORE CEMMBAA CHINE EET LOL, SOWNCM HES 
UCR 2 DEINE DEOTEHL, MIBDIAERRUT SAF YEO ERK ER 
Ro THAME HEB LEO Bick 2.4-D OA Vt Y BRERA TS © LDH 
KAGE CHS Lit bnso 

2.4-D OFROBE COT BBD eS A, BWR AFI FAIL, FEOTR 
fo fRZE A, Sh OSA RO LRAT TE CB ERE T SS. COPIER, 2 BROKE OR 
fA, BOR, HARE, 2 BAN EDHAT Sb CHIL RICA UCHR SIRE 
eee > ZiSHe (0.03~0.01%) InWTE LORD 6115, 

24-D Y—FHOIOE 5 BHMMCMS SI RIDE (LZ OD PL PEMN FE ROI RS 
Hid CHER ReRT SLO LHUeEY SNS. 
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Summary 


By means of the agar plate method, the action of 2.4-dichlorophenoxyacetic acid 4 
sodium hydrate (hereafter abbreviated 2.4-D) was investigated in the staminal hair 
cells of Tradescantia reflexa in vivo. - 

In the treatment with high concentrations (1~0.5% ) of 2.4-D solution, the cells. 
of staminal hairs become gelatinized within 25-60 minutes and later become sol state. 
Similar solidification of the cell contents would occur also in low concentrations (0.08~ 
0.01%) of 2.4-D solution after survival for weeks and, the cell contents seem to be 


entirely liquefied. It may be thought that this phenomenon is due to the hydration 


of the protoplasm caused by the action of 2.4-D sodium salt. 

In the concentrations of less than 0.1% of this drug, some of the hair cells be- 
come gelatinized and die in a few days after the treatment, however, during this 
lapse of days some of them aquire resistancy to the toxicity of the 2.4-D sodium — 
salt and recover their vital forces. These cells then grow unusually containing fully 
grown plastids and survive a few weeks or more. In the cells with aquired resistancy 
to the 2.4-D, it is recognized that the cells can make use of this drug as a growth 
promoting hormone. 

Any concentration of 2.4-D is effective on the mitosis and makes the chromo- 
somes sticky. Consequently this drug can introduce chromosome aberrations, 
abnormal separation of anaphase chromosomes and secondarily the abnormalities of 
cell wall formation. Daughter cells with unequal size, micronuclei, imcomplete cell 
walls and binucleate cells appear in the 2.4-D treatment. Some of these mitotic 
abnormalities would appear also in the concentrations of 2.4-D solution, in which | 
the resting nuclei can enter into the mitosis de novo. 

It is considered that the specific actions of 2.4-D sodium salt on the mitotic cells. 
may be responsible for its killing effect to the weeds and for the formation of 
abnormal tissues to the treated plants. 
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Plate III 
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BRIBE Ok DIC AVANz 35 WEEIC, MBBS LKR EY Zee «ys nae 
peta 35-55 (LIN, HOTS SSBC Leo MOMS ORICD 5 BF AIBA & mL ABS & 
{cd 3 AREY KI 1.000 FF CHS_ 
$6 1~10 M 24-D OfMMOER CNT SBR 
BI 1. wean27 42 9/X 16:00 x400. 108 9H 14NF30% 1% UT, MO PICBRO SZ BY AE 
DEET {Eo 
2. 10/X 14:00. 10 8 10 H 13 mf 2047 1% UI, 13 MEST AIRS < fib, <7 AO 
> yy SEG) AsO STE I RE, MELE AL Fe AMUN BC CHR, (OPAC EB BLY © 0 
M3. 13/X 10:40. WELMMNACHENEe KT o 
RM 4. 13/X 10:50. 10H 10 1% WHR » (Lim OMI & AF o 
5, 10/Vl 14:38 400. 68 26 H1GRF 597 0.04% LEE, MILO RA ILA + AMIE S 7 BK AO 
TEETH) 2 6 
HI 6. 11/X 10:25. 9 913 H12ng01 3 0.08% UB, MUOMAL 77 AF 7 F OLR. 
7, 27/K 15:40. 9815 H14A%317F 0.02% QR MIA 7 AF PY Ohi, REO’ OIAERT 
FRFYFOLBAAGRE A 5NS%M 
m8. 15/[K 11:25 x400. 7H 1A 17HE1S 7 0.04% UH, RE PRMMHOMMA SORE, BIE 
FE DY, HK L re AMIDE © BBS 6 
E19. 17/N] 14:13 x400. 9 915 H14 838 4F 0.02% EE, PN Atete L 7 nM lat BPE TAD © Ee 
CkLOCKHice LOR SENSO 
10. 19/\] 10:36 x 400. 9 13 H 12 #01 7 0.08% LH, HOMER, Wik L* PEA + ALTA. 
$§ 11~27 M 24-D OB FACKRETLE 
11. 15/K 13:53. 915 H 13884577 1% WH ETH OTR 
12. 1 14:44. HMOBBCLSRMOKB) CHALLEDRR 
13. [J 14:46 x400. AEA EMM, <ORMOMMIA MMOLE T(E. 
14. 5/Vf 13:02. 7851288397 0.5% QM, FABRHOMMY, 
15. J 13:06. PRAswOr AL, AF VAAL S REAM S« 
16. 7/V 16:12. 7A 7148837 0.1% AUB, HEN ORE V IC 30 5 SEs HE OBEY o 
17. 9/V 13:20. 7H9 H128#51 7 0.05% WH, BMOKYV, WARKOR MT. 
18. | 13:23. iW oOkRw, PAIR AADSPRICABLNSo 
19. fi] 13:26. 1, RE RAR OR OBEL TOPICA RNSATRRES 
20, 12/K 11:21. 95 12 810 8§ 55 0.03% WE, BWOKY, BAKORTERD HED 
21. | 11:28. #WoOMD, MIMOFRL HC AF V+ 4 WEA TNT Co 
22, jal 11:32. $i, AT YF 4 AAAMOU bi 3 his 
23. WA 11:42. BOD, HCP LR RAAAMM ER L, BHREATY 414 RERARES 
BME 7 ARO EC TTBS SREB ART o 
24, 15/K 15:12, 9 915 14 BF31 4 0.02% WH, ARMORY o 
25. WA 15:19. WORD, PAIK ORL COMICS S HTMREM 
26. lq 15:24. HOM, MMOs AMM LOA, 
27. 15/K 15:17. M24 OfMiMitb OF BMI, BWOMD, PANT MeO Bic RE LCR AT 
y % 4 UE KICE RE DDT, WHEL cE ABEL THEO % OD OFF MAH ICD mS o 
a8 28~34 M 24-D crs REDBAK 
28. 27/X 16:40 x400. 9 15 A 140k 3147 0.02% WI, PMS 27 OMe RT, M29 DMR 
29. |e 16:45. 2HLAMMOUA, MMII tT RIC MYM OY OBZ T TN ENOWTWS_ oP 
PARI M 23, 26, 27 cist SU fAO[THM EBMROTL, 
30. 20/X 11:40. 10 8 18 H 10 AE 30 4 0.02% WUE, NMA LOMRLDHEL CANS. 
31. 21/X 14:18. I _bamia, NORM, SERICPHEL CHSTCELERTO POMMBAMIC lag 
BOBATKIK( DIOWwTH+ So 
32. 27/\L 12:45. 5 9 26 A 15m# 394 0.1% WE, MMO Ee LVAD LMRORES. 
33. Ia) 12:50. Thine OMMOTTRE AT © 
34. 30/V[ 10:22. 5 9 2413982147 0.01% WM, MAS 2M, TATA Ato 
38 35~38 KM 2 AMM OI Cal — Al ic3ev>-c 10 H 18 A 10 AF 304 0.02% ATH.) 
35. 18/X 15:42. WON, PAM KOMP LS DAF Y 4 PEMMBAENS, 
36. In] 16:06. Secor o Be fkic k SWE EL Cis SAT 41 UE ARES 
37. 19/X 11:54. PAO AR OIA > FEE PLE Stu, MAMAS CIS 3 
38. 21/X 14:50. pa he Bic RE LC A A ic WA © & Vs BPEL U-cop4e, Caffeine Mie 
Osa EMAL CC OM OMIA LIC RIMS BTS, 
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Kyuichi SAKURAI: Uber die neuzufiigbare alpine Brya zur japanischen Flora. 
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1. Bryum alpinum L. (Alpiniformia) in Mant. Musc. 2: 309; Bryol. eur. Fasc. VI- 
IX. p.76. [94%] A ~AnN I WADS 
Shikoku: Prov. Iyo, Saijo, Nakano (Leg. K. Oti in Herb. K. Sakurai No. 21999 
25-Jan.—1948). 

RARDIN 4p DML DHUEDSRAATZESLLTRHACES. HPHSH 
HEOMKO a EIT, BMHHOMMCHSS,. AE TCADA ERS FICHE L Bro- 
therus (2k) Hpbi ek S teat try wWAaWST (B. pulchro-alare) LkkbHTKI MT 
Do 
2. Bryum cyclophyllum Br. et Schimp. (Leucodontium) in Bryol. eur. Fasc. VI-IX. 

p. 63. 

Honshu: Prov. Musashi, Chichibu (Leg. I. Nagano in Herb. K. Sakurai No. 32007 
2-Oct.-1952). Prov. Kai, Mt. Akaishi, Koshibugawa (Leg. N. Takaki in Herb. K. 
Sakurai No. 32003 17-July-1949). [fn4@] sre Inv Wars 

Axia BK 6 RAO BIC S SSAA Z BSB CHD. PAW NWN EOREK 
ORRZAGHOWADECETS o HERE DROME MT HED DS 
3. Bryum Blindit Br. et Schimp. (Argyrobryum) in Bryol. eur. XXXII, Suppl. p.11-. 

Honshu: Prov. Shinano, Shirouma-Yari-hotspring (Leg. N. Takaki in Herb. K. 
Sakurai No. 32115 1-July-1949). [#n4q] ar 7yvAYVHAAAWS 

Acfale fai SUSI ROS RE CRAB E ORE SnteBm CFR AR (AOR 
7 PUTER UTC Se RINT MF ARO y + - WIDTHS 6 
4, Bryum cirrhatum Hoppe et Hsch. (Caespitibryum) in Regensb. Bot. Ztg. (1819); 

Bryol. eur. Fasc. XXXII. Suppl. p. 8. 
Honshu: Prov. Kai, Mt. Akaishi-Higashidake, 3000m. (Leg. N. Takaki in Herb. 
K. Sakurai No. 32001 17-July-1949). [#94] Ferny AWAars 

HRA OTNCES, BRBOMACAATZ 2B oHin Cd 32a MAS WRORL 
= 8 Aah E BIE S NSA HS0 MM FHT AROAKBORINE TAT o 
5. Bryum capillare Hedw. aC PROE var flaccidum Br. eur. in Rabenh. Kryptg. 

f.-Erg.. bd. [Vs 
Honshu: Prov. Iwashiro, Hochmoore Oze (Leg. T. Maeda in Herb. K. Sakurai 
No. 32117 6-Aug.-1950). Lan] 7EF AI WATS 

FS UEGAS GU KAKE Fe CS OFRin CAS AAR 7 BD bc HS. AHE pik 


OREPES 7 HOPPED DG o 
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6. Bryum erythrocarpum Schw. (Erythrocarpa) in Rabenh. Kryptg. fl. Erg. bd. IV. 
Honshu: Prov. Kai, Mt. Arakawa, 2900 m. (Leg. N. Takaki in Herb. K. Sakurai 
No. 32112 17-July-1949). [faH] FxEINVHMADS 

FANS EU TENS CAH OF SINT CHS. ARTZ 5 th CAM T vw TARO ABO rs 

Unca4p UTWSo 

7. Bryum pendulum (Hornsch) Schpr. (Anaglyphodon) var. longisetum Warnst. in 
Rabenh. Kryptg. fl. Erg. bd. IV. 

Honshu: Prov. Shinano, Mt. Shirouma-Shizu (Leg. N. Takaki in Herb. K. Sakurai 
No. 32004 1-July-1949). [ANG FHZIYVHKVNI RATT 
AEN ELBOWS Hii Som. eMATMRRS~F ~H Afals AARZ BF 

IL CHAE OCHS. AKINT UF AIET o 

8. Bryum turbinatum Hedw. (Leucodontium) in Schwaegr. Suppl. I, II p. 110. 
Honshu: Prov. Kai, Mt. Akaishi (Leg. N. Takaki in Herb. K. Sakurai No. 20083 
17-July-1949). [FIA] +7rr nd AAAS 

HARA LSERU FIRES) HAT 2 SHA CRAB OUACBS. ERNT TARO 

ABO AUNTS o 
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RAL 
BERERES BU 14 lps CARA 28 4 25 A, BOHACK BEE) (1) RASS: SBR + Scene 
z KH (2) WS, PY: 1) +41 Ar Y OREN OATEMMARIC OU c (MUR BE, BAEK - BB) 2) + 
ae yh eRAV COW CHEE) 
ees 
PWS (RAM 284473 A 7A) SWB GARD SS 
AE (HA 28445 58H, 9A, RBWAAy) CL) RA: 1) RRB ORB ce SHOR 
a {EK Out CARE, FRRE), 2) FU YY AW OM (KARR), 3) aV% 7 OER 
Onn LPR AA ABE. CRIISERE), 4) —SOrn>e vay opfercowc (tM), 5) ver 77 
OROBKC Ov COBH OPS AR MS) 6€-) eh zFopernn7 0 - are?) OTH 
Hi, Wiki b UICC OVC GARR), 7) PEROT Ye bo > ONES, WRAC=, Heo 
THE), 8) Aa OTKRE RK CKABXOM), 9 »~>v gory ROMER OMB CARED 
i BS), 10) ZEPSSER MO RY Fick SHRI c GRD MH), 11) PoE Be OS FU > HE 


: mere CONFESS) (2) ASAD: FMOAR, MO—A (3) BS: SPH, sp scee ses 
Of (4) RYS (HM 28445 898) ROAR, Baer 
’ eam A= 
ZH BB eae 


ee 3 26 < (REA 28 41 31 A, PARI + SCHEER) (1) APRA: LD WMH On BICO 
v *e AMR—), 2) BERNE RICouc COCKER, AUFAYHSE, FPA), 3) Yv +4 HORMKOU 
CT GERRK, AHS, HK), 4) x4 ye YOM‘ GRREE=, BBA) (2) FREE: 
BPR’ OTR (FROWMY) GERER, 4) 
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3 IV. The Effect of Colored Light upon Higher Plants 
S Leaves of green plants were found to show electrical responses to light in a 
‘g similar manner to Actinomyces. For instance, two phases of response could be 
4 Separated in the case of leaves of sweet potatoes exposed to monochromatic light. 
4 By acertain preliminary treatment leaves of sweet potato can be forced to manifest 
E, a potential change in the negative direction. However, according to the previous 
- 


_ dark period and the state of the leaf, the plant showed frequently a rise in sensi- 
_ tiveness to red light, resulting in positive currents, and showing such an outstanding 
-  off-effect as was seen in a species of Actinomyces. In fact, it was a painstaking 
labour to look for ideal conditions and materials for obtaining such clear-cut data 
as obtained in Actinomyces. 

This phenomenon led us to make a systematic analysis of the effect of mono- 4 
chromatic lights upon various plants although there were many circumstances under 
which complicated responses were obtained. When adequate species were chosen 
such as Ipomoea batatas var. Taihaku, it was not impossible to find a simple type 
of curve (Fig. 1). The curves resembled those obtained from Actinomyces exposed 
to red light. On illumination, the curves for red light rose in positive direction, 
attained a maximum and then decreased to the initial level. 

On cessation of light there appeared an additional rise of current (off-effect). 


The dual effects should not be regarded as a certain expression produced by a mere 


accident, as the off-effect provided with certain latent period affords a signal proof _ Bake 


of the occurence of physiological processes in the tissue exposed to the light. ‘ 


’ The results are summarized in Fig. 2. The response of a higher plant to the 


FH light may be classified into three types. In the first or normal type the response to 
strong light, no matter what kind of spectrum, was mostly negative one and pro- 


ceeded rapidly at first and then showed gradual recovery slope. (A~a,b in Fig. 2.). _ 


In the second or reversed type stimuli of red and white light gave rise to - positive 
deflections. (A-c in Fig. 2.). In the 3rd type, there was an initial negative response 
followed by a second deflection in the opposite direction. Such responses to the 
monochromatic light were observed in Mimosa pudica and Phaseolus anguralis. 
The curves are demonstrated in Fig. 2. If favorable materials were used strong 
blue light caused ordinary excitement in the leaves of various plants acting in the 
same direction. Fig. 2 (A)-a shows a common feature of:such type of response of 
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Fig. 1. Off-effect of red light upon Ipomoea batatas. 


‘the leaves which was more pronounced than those produced by red light. These 
negative currents (in negative direction) have been also obtained on exposure to 


“green and orange light although there were some instances where. no significant 


equal intensity. The latent period of reaction, of course, depends upen the intensity 


and duration time to some extent as we could see in usual excitation in plants. 


As to the reverse type, i.e. the positive current, the effectiveness differs con- 


siderably according to the wave-length of light. The marked response to the lights 
of shorter wave-lengths failed to occur in this direction on exposure as well as at 


cessation of light. It should be noted that a number of green plants showed a 


os marked rise in positive current when stimulated with light of long wave-length. — 


This is not so strange in view of the fact that the mode of light absorption varies 
from cell to cell. Sometimes green and yellow parts of the spectrum were able to 
give a similar monophasic potential in the positive direction, but red light was 
most effective as in the cases of Actinomyces. These effects were confirmed to be 


‘referring to the currents set up only at the proximal electrode. When exposed to 


red light, the leaves of higher plants inclusive of sweet potatoes present mostly the 


curves of type III as illustrated in Fig. 2 (A, B). We ought to havea general | 
shift toward a positive potential when the stimulus moves to the longer wave- 

_-Jength of the spectrum in view of the facts obtained from experiments with green 
light. In some cases the curves rose gradually after remaining at practically, zero- 
level Fig: 2 (C, D). Such a feature may be seen in the initial phase of action cur- 

. rents evoked by not only light of long wave-length but also other parts of the spectr- 
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Fig. 2. Off-effects of light stimulation upon higher plants. s 


period which depends upon duration of exposure at various intensities. 

is _As previously described, on the other hand, the removal of Maninationt caused 
a rise in the action potentials of higher plants at moderate intensities. The con- 
tinuance of illumination dose not usually. produce such a significant additional 
alteration. The effect. varies” with the wave-length of light as seen in Actinomyces. ; 
er cessation of white or red light, action currents underwent in a definite way 
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positive variation in the manner shown in Fig. 2 in which the ioinene of withdrawal ; 


of light is indicated by arrows. This additional response at cessation of | light 
reached a maximum which was followed by a gradual decline. At lower intensities 
the curves had the shape illustrated in Fig. 2 (A)-c and (B) while curves of type 
shown in Fig. 2 (A)-a and (E) were common at higher intensities than 60) lux. In 
other experiments a slower plateau current took place during relatively long periods 
after cessation of light (Fig. 2 B, D and G). It seems more likely that this 


-may be an outcome of a combination of responses of positive and negative signs, as 


interpreted in a previous paper. In peculiar cases the terminal portion (from 180 
to 270 sec) showed again a tendency for opposite effect. This might be a sign of 
periodical excitement giving rise to repeated fluctuations. This appeared often in 
the case of weak white light. For obtaining such a significant off-effect, a prelimi- 
nary long dark adaptation was absolutely necessary together with a suitable culture 
condition. Thus one can imagine from the present results that the off-effect might 
play an important role in the process of light stimulation. 

In the case of long dark-adapted leaves, the photoelectric changes were found 
to be considerably different from the curves demonstrated above. Taken as a 


_whole the most curves manifested a marked off-effect in the positive direction for 
white and red illumination (Fig. 2 F). Even with blue light there appeared 


frequently positive current within the intensity of 700lux. Potential changed not 
always steadily, but sometimes in a few steps as is seen in Fig. 2 (E, F and G). 
There appeared under certain conditions, a steady rise in positive electric force 


after cessation of illumination (Fig. 2 F). The actual conditions for manifesting 


-_ these pronounced features were the lengthening of the darkperiod which intervened 
_ between each exposure. By prolonging the dark period beyond the fixed interval of ; . 
- 5min. say, to 10 minutes a transcient curve was observed as shown in Fig. 2 (E). 


To make the case clear other illustrations are presented. The curves F and G 


in Fig. 2 were obtained from experiments where the plants were dark-adapted for 
as ‘long as 20 minutes. 


‘When the light intensity was not so weak as in the curve E (380 lux), the 
positive response was proceeded by a marked rise at first in the negative direction 
and then an additional response was also caused by disappearance of light. The 


curve E shows no response in the negative direction and the off-effect is obvious. 


On the other hand, through light adaptation a leaf would reached the conditions 


in which polyphasic processes occurred, manifesting all maxima and minima. It 


seemed as if these small fluctuations had been, produced by interaction between 


certain antagonistic processes. Such behaviour has been observed in all plants 
studied. The curves of this type so far investigated were found most generally in 
_ higher plants. Thus each figure given in this paper represent ak cee of 


effects of light upon the intensities and wave-lengths. 
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Discussion 


The results of the experiments indicate quite clearly that varieties of re- 
sponse may be divided into four types without regard to some irregularities. They 
have characteristic features which can sharply be distinguished from a mechanical 
and arbitrary change. First two simple action currents appear in the negative or 
positive direction. They are monophasic and homogeneous without regard to small 
fluctuation. The other types are apparently diphasic ones indicating combined 
effects of currents of opposite sign. 

Generally the blue process develops more rapidly and attains a maximum earlier 
than the red process. Consequently the response to successive stimulation of blue 
light may be inhibited by the red light. The reverse was also true sofar as the 
electric potential is concerned. Since the off-effect has been found to be common 


occurence, though not so easy to detect it, a competitive state of two or more 


process evoked by light may be brought about in plasma. Difficulties lie only in | 


the capacity or release. Experiments on the intermittent light is in agreement with 


this view. The point under present discussion will be considered in later paper. 


Mw ~ 


V. On the Effects of Intermittent Light upon the Plant Cells 


It was about ten years ago that I discovered a paradoxical effect of intermit- 


tent light upon the movement of plant organs. No plausible explanation has, how- 


ever, yet been hazarded up to present time, calling for some substantial results from 


other experiments. In our experiments flashes of light were found to be able to 


elicit a significant alteration of electrical potential in many cases where any marked 


positive current could not be obtained inspite of trying all possible means so long 


as a single light stimulus was used. The photo-electric effect of intermittent light 
develops sometimes more abruptly than those due to the onset or cessation of 
illumination (Fig. 3). 

I used here a species of Actinomyces. Experiments were caried out to study the 
influence of varying the periods of light and dark upon the action potential. Stimuli 
used were ‘various combinations of illumination and darkness, each cycle consisting 
of 0.5-10 sec. exposure and 0.5-20sec. darkness. All experiments were performed 
with preparation in which the effect of single exposure was only slight but perceptible 
as is shown by figures in controls in Table 1. The magnitude of reaction was 
dependent upon both the duration time and intensities of illumination. The response 
to continuous light is indicated on top in each column as a control for other re- 
sponses to intermittent stimuli. 

In Table 1 the column I shows the proportion of exposure time to darkness 


which is expressed by notations such as 0.505, 195 etc. the index showing dark 


period. In each stimulation the sum of exposure time was made 30sec. so as to 
make the amount of light equal to that of the control stimulus, that is, continuous 
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Fig. 3. Off-effect of monochromatic light 


Table 1 


I I Il 1V V 

ales 65 150 250 700 (lux) 

_ (Continuous exposure 215 22.0 9.0 pee 2.0 mV _ : 

: 0.5 05 12.0 ; Sols 6.0 AS 
0.5 5.0 55 7.0 9.5 125 
0.510.0 4.0 55 4.0 15.5 
1,0 10 ' 16.0 25.0 75. 6.5 

Bae LO SDiy). 12.0 17.0 {> 2 86S "AGS. 

“41,0100 7.0 13.5 4.0 3.0 
1* 5.0 10 25.0 18.5 6.0 a 
5.0 5.0 28.0 35.5 45 2536 
5,010.0 40.5 rt ee 2902: PRETO 

10.0 5.0 415 40.5 as gy 
10,0100 43.0 56.5. 8.0 . 0 
10.020.0 35.0 38.5 otha. — 30 


. illumination of 30sec. taking a look through the Table Li we can say, that 


Pas =, 
: effect is determined firstly by the quantity of light that is intensity time in each 
- oycle. Exposure tithe corresponding to maximum response is found > shorter as t the > 


ies zs intensity of light is Males For instance, the maximum spinors of Fesponse 
are : 
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maximum response decreased up to 0.5sec. or less (Column V). The illumination 
above 250lux failed mostly to bring about the desired effect. As is seen in each 
_ column it is obvious that as the strength of illumination rises, the duration time of 
- exposure should be shortened. =f 
When the intensity exceeded above the level of 500lux, any adjustment of 
duration time of light has failed to produce any accelerating effect. Therefore, the 
product law I1xt=c has been found to hold good only within very narrow limits. 
On further inspection, it will be clear that the dark periods intervened have a 
more marked effect of provoking the positive current. Figures in Table 1 show that 
there is an optimal proportion of darkness to light in each cycle, 
For exposure times 0.5 and 1.0sec. the lengthening of the dark phase almost 
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the reverse action was seen in most cases. 

As can be seen in the table potentials of about the same magnitude were 
4 obtained for 1! cycle at 65lux, 15 cycle at 250 lux and 0.5!0 cycle at 700 lux, as if 
4 the effect of prolonging the dark period and that of increasing the intensity of light 
4 


had cancelled one another. When the intensity was raised above 500 lux all kinds 
of cycle with exposure time longer than 5 seconds produced no marked effect. 


Furthermore I have often encountered some cases where the cessation of in- 


However, I could not examine satisfactorily the relation between the duration of 
exposure time and the strength of responses, but it seems that exposure time must 


be longer than about 60 or 30 seconds as a total to cause a marked off-response. 
Such a release phenomenon was often observed in higher plants (Fig. 3 b:and 


c). Forty years ago the effect of intermittent light has been studied by Nathansohn: 


and Pringsheim!. They have made experiments on various plant objects and found 
that Talbot’s law held surprisingly well. However, the problem is not so simple in 


plant cells as it is in animals. 


Discussion 


light is equivalent visually toa corresponding reduction in its intensity. Fick (1863) 


that the intermittent light gave a reading about 5 per cent greater than continuous 
with respect to energy when measured by a radiomicrometer. Recent work on 
light and dark adaptation (Hecht, 1931)? has shown these processes to be much 
simpler than Fick and others could have anticipated. As for plants, the doubt 
raised by Gunther-massias! (1928) and Endo® (1939) seems still to have persisted. 


As a matter of fact, that effectiveness of interrupted light upon contraction of 


4 “pulvinus in Mimosa pudica varies largely with rate of flicker. The results presented 
in part Il of this series showed the complexity of the process of intermittent stimul- 


always brought about reduction of responses, but with exposure times 5 and 10sec... 


-_termittent illumination evoked more significant alterations of potentials (Fig. 1A). 


Talbot (1843) has pointed ah that a reduction in the time of action of the | 


and Parker and Patten? (1912) have doubted the validity of this law. They found — 
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ation. The data were obtained by a comparison of reaction time of niiviane in. 
Mimosa pudica to a stimulating light of constant intensity after it had been adapted 
for some time to an illumination of given energy contents furnished on the one 
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hand by intermittent light secured by a variety of sectors and on the other hand_ 
by continuous light. It is very interest to recall here the effects of intermittent 


light upon contractility of pulvinus because action current is usually regarded as a 


concomitant of the excitatory process. 


Since off-effect intervened in the intermittent light as shown in Table I and 
Fig. I, the validity of Talbot’s law can be denied a@ priori. This law is of only ; 
limited use. Ewald® (1913) had already pointed out it and stated that Talbot’s law — 
held only when the alternation of light and dark was greater than thirty times ‘en 4 
second. In this paper data summarized to indicate the special nature of red process 
concerned only with stimulating action due to off-effects. 


As to inhibitory effect, Actinomyces was not adequate material for present ex- 


me periments. When higher plants were used varying growing condition the intermittent 


light exerts an inhibitory action upon the electric potential in leaves. A similar 
situation occurred always in Mimosa pudica as found by Endo’ (1938). In the course 
of my studies the nature of dual process—acceleration and inhibition—has been 
received a certain clarification by a number of experiments (I-IV part of this series). 
And we can grasp a clearer, firmer conception of interaction of colored lights. 
Experiments on the intermittent light shown above suggest that the off-effect. 
may be an “ Auslosung” of a certain process from struggling with another opposite 
process. Under certain condition a competitive state may be undoubtedly brought 
about in plasma. When two excitatory processes have opposite nature, they may 


so exert as cause an inhibition with each other. The plant stimulated by blue light, 


for an instance, may be subject to a diminution of capacity to react to red light 


_ owing to adaptation. Moreover this inhibitory effects must be thought to be produced 


in plant cell exposed to light even though no visible effect is detected. Therefore 
it is apparently an misleading to speak of resting state due entirely to less irritabili- — 
ty or weak excitability. The paradoxical reaction observed in higher plant exposed | | 
to intermittent light (Endo)? seems to be the same in nature as Wedenski inhibition. 


However, it can not be explained merely on the basis of the refractory state. 
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4 On the Relation between the Respiratory Enzymes and the Growth 


Hormones in the Seedlings of the Leguminosae Plants. 
I. Catalase and Peroxidase Activities in the Vicia Faba Seedlings. 
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Introduction 


When the plant seeds awake from dormancy and germinate, different enzymatic 
systems begin to show their complex and specific actions, while the action of the 
growth hormones, too, proceeds in close relation with the action of the enzymatic > 
systems. But up to this time the activity of enzymatic systems during germination 
has been studied quite separately from the activity of the growth hormones, and so 
the relation of 7 the two has not been made clear. In regard to this, so far as we : 
know, there are only a few studies,” 9’ 10 which, however, are all concerned with 
mature plants and not with germinating plants. From our experiments some very 
interesting results have been obtained regarding the correlative activity between the 

_respiratory enzymes and the plant growth hormones during the germination of the 
Leguminosae plant. Here as the first part of our studies, we should like to report 


on the catalase and peroxidase activities. 


Materials and Methods 


The seeds of the Vicia Faba which were produced in Gifu district in June, 1951, 
were used as materials. These were soaked in the water of temperature of 25°C — 
and pH6 for 24 hours and were germinated in the saw-dust in the dark. One to We 
days after the soaking, the roots, buds and cotyledons were separately weighed and 
ground down, and the enzyme solution was obtained being added with a certain- 
amount of eter Catalase activity was measured by gas volume method. Peroxidase ‘ 


activity was measured by the colouring of guajacol oxidized. 


Results 
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Catalase activity in the root and the bud during germinating period increased 


rapidly after water absorption as indicated in Fig. 1, attained to a maximum after 
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a4 days, and aecraseen rapidly. afterwards, resulting to a’ constant ia value after | 
6 days. On the other hand, activity in the cotyledon remained constant for 2 days, 
and then increased slowly, attaining to a maximum after 5 days, and begun > to 
~ decrease in the following days. The maximum activity of catalase in ‘the root, bud — 
and cotyledon was in the order of the root>bud> cotyledon. As indicated in he 2, 


aun on | ms eee tree: 6] days - 
fs te Catalase activity. Abscissa indicates Fig. 2. Peroxidase activity. Abscissa indicates 
days. Ordinate indicates oxygen liberted days. Ordinate indicates mg. guajacol 
- after 10 min. per dry weight 100 mg. oxidized per dry weight 100 mg. 
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Be The activity in nae root increased gradually after the water 
: $s absorption, attaining to a maximum after 3 days, and decreased after 4 days, and ™ 
then, again increased rapidly after 6 days, afterwards remaining constant. The 
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; 4 The maximum activities of calalase and peroxidase appear earlier in the r00 
‘than in the bud. This may reasonably be explained by the fact that the fot beg 
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to grow earlier than the buds. If catalase and peroxidase activities should proceed 
parallel with the activity of the respiratory enzyme systems, maximum activity of 
amylase should appear later than the maximum activities of catalase and peroxi- 
dase® 1 during the germination of the starch seeds, and consequently when the 
seeds absorb the water, the hormone which accelerates germination in the embryo 
is produced”) and the seeds are awakened from dormancy. It is not to be inferred, 
therefore, that when the respiratory enzymes begin to be activated, most of the 
4 respiratory substrates are the product of the decomposition of starch by the amylase 
which was activated for germination. There is always some amount of glucose in 
the dormant seeds, and the respiratory enzymes utilize this glucose as soon as ger- 
_ mination starts, and the activities increase and after this glucose is consumed com: 
: pletely, the activities begin to decrease rapidly. On the other hand, much amylase 
a is produced? ®) by the activity of the respiratory enzymes, and the respiratory 
: substrates increase and the respiratory enzyme systems are again activated, but 
; the respiratory substrates are consumed in the root earlier than either in the bud 

or cotyledon and in the bud earlier than in the cotyledon. Afterwards the respiratory © 
-. substrates increase in the cotyledon and they are transported to the root and bud. 
Another point to be noticed is that the maximum activity of catalase is found prior 

to the appearance ‘of the maximum activity of peroxidase. Therefore it may pos- — a 

sibly be considered that one of the functions of catalase is to regulate, in conjunction _ 

with peroxidase, the amount of free energy of oxidation” and that these two enzymes a. 

: demand the same substrate, since the time courses of activities of both enzymes are 


fairly similar as shown in Figs. 1 and 2. 


Summary 


Catalase and peroxidase activites during germination are as follows. When % 
Vicia Faba seeds are soaked for 24 hours and are germinated in the saw-dust with 
temperature of 25°C, catalase and peroxidase activities increase rapidly in the root 
and bud at the beginning of germination. Catalase activity reaches a maximum 
after 2 days in the root and bud, and peroxidase activity reaches a maximum after 


3 days in the root, and after 4 days in the buds, and then it decreases rapidly, 


yay? 


afterwards remaining constant. On the other hand, catalase activity shows its 
: maximum after 5 days in the cotyledon, and peroxidase activity exhibits its maxi- : 
mum afte: 6 days in the cotyledon, and then these two decrease rapidly. Catalase 


maximum activity is found prior to the appearance of peroxidase maximum activity. 


‘\ 
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Taxonomical Study on the Wild Mulberry in Japan 
and Near Countries (2) 


By Teikichi HoTTA 
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Received March 26, 1953 
Morus australis Poiret 
Morus australis Poiret in Lamarck Ency. Method. Bot., IV, p. 380 (1797)— 
Koidzumi, Fl. Sym. Orient. Asia., p.53 (1930)—Hotta, Bull. Soies Kinugasa, 366, p.1 
(1937), Bot. Mag. (Tokyo), LXIV, 761-762, p. 223 (1951). 


Syn. Morus indica Roxburg, Fl. Ind. ed. 2, Ill, p.596 (1843)—Wight, Icon. PI. 
Ind. Orient., II, p.674 (1843) (mon Linn.)—Hooker, fil. Fl. Br., V, p.492 (1888)— 


Brandis, Ind. Tree., p.612 (1908). 


Morus acidosa Griff., Not. Pl. Asia., IV, p.388 (1854) —E.H. Wilson; Pl. Will., III, 
p. 297, 302 (1907-1910)—Koidzumi, Bot. Mag. (Tokyo), XXX, p.37 (1917); Imp. 
Sericult. Exp. Stat., III, 1, p.34 (1917) and II, 1, p.14 (1932)—Hayata, Icon. Pl. For- 
mosa., IX, p.105 (1920)—Rehder, Journ. Arn. Arb., IV, p.175 (1923) et VIII, p. 103 
(1927)—T. Ito, Icon. Pl. Formosa, p. 528 (1927)—Morus cuspidata Wall., Catal., p. 4646 
(1830) (nom. nud. fide Bureau)—Yendo et Higuchi, Traité sur la cult. du Mar. au 
Jap., p.30 (1930)—Makino et Nemoto, FI. Jap., p.218 (1931)—Hatsushima, Report 
Exp., Fac. Agr., Kyusiu Imp. Univ., 3 p.73 (1933). 

Morus stylosa var. latidentata Seringe, Descr. et Cult. Mar., p. 227 (1855) (ex Bureau). 

Morus longistyla Seringe, Descr. et Cult. Mar., Atl., p.13, tab. 22 (1855). 


Morus alba var. cuspidata Bureau in DC. Prodromus, Syst. Nat. Reg Veg., XVII, 


p. 243 (1873). 
Morus alba var. indica Bureau in DC. Prodromus, XVII, p.243 (1873)—Kawa- 
kami, Bot. Mag., XX, p.201 (1906). 
Morus alba Matsumura et Hayata (non Linn.), Enum. PI. Formos., XIII, p. 273 (1906). 
Morus alba Hayata (non Linn.), Gen. Ind., p.70 (1920). 
Morus inusitata Leveille in Fedde., Repert, XIU, p.265 (1924). 
Morus australis Poiret, var. kagiensis Hotta, Bull. Soies Kinugasa, 366, 11 (1937). 
- Arbor uspue 2-4m. alta, trunco diam. locm. lato; Cortex fuscus vel fliginosus, 
juventute pilosus vel glabrus, lenticellis orbicularibus vel ellipticis amplis albidis 
laxius vel densius dispersis. Gemmae compresso-ovoideae, apice acutae, perulis 4 
triangulari-ovatis acutis scariosis. Folia membranacea vel coriacea, ovata, ovato- 
elliptica, ovato-oblonga rare ovato-lanceolata vel 2-4 (-6) profunde lobata vel varie 
lobata, lobis acuminatis vel longitaacuminatis rare caudata, supra viridia, nitida vel 
non nitida, fere scabra vel levia, glabra, subtus glabris ad costas parce pubescetibus 


in axillis nervorum majorum pilis albis ornata, apice cum acumine lineari-attenuato, 
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atque subsubulato, acuminata vel longe-acuminata vel caudata rarissime acuta, | 


margine irregulariter dentato-serrata, basi leviter vel profunde cordata vel truncata 


-__ rare oblique cordata, petiolis circ. 2-4.5cm. longis glabris vel leviter pubescentibus ; 


- apex cum cellulae cystolithicae acutus vel rare obtusus curvatus fere de epidermate 
prominens superne in edpidermate positus. Amentum musculum cylindricum rare 
depresse rotundatum multiflore pendulum vel cernum, circ. 10-15 mm. longum 5-10 

eat mm, crassum, pedunculo piloso gracile, tepala floris musculi 4 ovata-ovalia, apice 
SS obtusa vel plus minus acuta extus pilosa, rachide extus pilosa. Amentum femineum 
yey ovatum vel ellipticum rare oblongum, dense pilosum, tepalis 4, late ovalibus, apice 
Se rotundatis facie glabris, margine praecipue versus apicem minute ciliolatis, ovario 
_ plus minus ovato glabro, stylo circ. 12mm. longo. Spica fructifera circ. globosa 


vel oblonga 3-15mm. longa 2-7 mm. crassa primo mox nigra. 


Key to the varieties of Morus australis Poiret 


Leaves slightly scabrous or smooth on the upper surface. var. pubescens Hotta 


S 6 Margin of the leaf irregularly dentato-serrate. ..................... var. austrelis Hotta 
“a s - Margin of the leaf argutidentate or small dentato-serrate rarely small 

os crenato-dentate. ............. rN shy coaene see dae bee setieny sasiedyaneh Marge force ety eee eee 
pee 7. Margin of the leaf arguti-dentate. 20.0.0... occ ee ccssss esses Var. arguisdens Hotta 
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Margin of the leaf small dentato-serrate rearly small crenato-dentate. 
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- Morus australis Poiret, var. australis 


ee 


: a3 _ Juventus pilosa vel glabra. Cortex fliginosus. Folia membranacea ovata vel 
: _ ovato-elliptica vel 2-3 (-5) profunde lobata, lobis acuminatis vel longiacuminatis 
s rare caudatis supra glabris viridibus rarius nitidis vel subasperulis subtus ad costas 
parce pubescentibus in axillis nervorum jajorum pilis albis ornatis; apice sensim 
_ elongata vel caudato-acuminata, margine irregulariter dentato- “serrata, basi aperte 
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_ Petiolus glaber vel plus minus pubescens circ. 1.5-40 cm. longus. 


Key to the forms in the var. australis 


1. Leaves glabrate on both surfaces. ... ........... vetiesssseessea. Var. glabra Koidz. ~ 
- Leaves glabrescent on both surfaces or DR pee on ae under surface. 2 

255 Leaves: usually. obtuse-or. acute at the apexe: © ..¢...i..5cs.20s se osdits savdsoabdate dues ae 
} iedaves gradually long caudate or longiacuminate. 1... .0A0:.. cas cess sas 
"5 Leaves very smooth on the upper surface. ......... 0. cecseseees. Var. obtusa Hotta 
Leaves very scabrous on the upper surface. .....:............... var. Tokunagai Hotta 
= -4, Leaves remarkably hairy on the under surface, ... 00.0... 0. cieest cede eenes coe sen ael 10 
wLeaves,slichtly hairy..on: the under surfaces.cic..<igics esses ade meee 
25: Leaves very scabrous on the upper surface. .................. var. Nakazawai Hotta 


. var. parvodentata Hotta 


1. Leaves quinpuepalmate, subquinquepalmate. ..............._ £. quinquepalmata Hotta 


ia x 
w Shey 


wou ve ee te thd 


ened Je eke 


inital 


vel profunde cordata, rotundata vel subcordato-truncata rare oblique cordata. 
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Dee Leaves very ‘scabrous on the upper. surface. egret Sete teeinur oe f. scabra Hotta 
Leaves very smooth on the upper surface. .. ................... £. Laevissima Hotta 


Nom. Jap. Shima-guwa. 

Distr. in region trop. et subtrop. asiae australis. 

form. quinquepalmata Hotta, Bull. Soies Kinugasa, 366, p.13 (1937). 

Folia quinquepalmata vel subquinquepalmata lobis angustis. 

Nom. Jap. Momiziba onaga-guwa. 

Hab. Formosa: Prov. Taihoku: Taihoku CT. “Hotta, no. 4153, fl. 3, cult.); Sogo 
(T. Hotta, no. 4095). Prov. Taitu: Baibara (M. Tatewaki, fl. 9). Prov. Tainan: 
Kokui, Toroku (T. Kaneko, no. 5714); Kansirei (Y. Shimada), Kagi (T. Hotta, no. 


4055. fl. 8); Komakai, Kagi (Y. Tokunaga, no. 4080); Mokuriryo (T. Hotta, no. - 


4134); Shyonoryo (T. Hotta, no. 4137) ; Rienryo (T. Hotta, no. 4135). Prov. Takao: 
Kizan (T. Hotta, no. 5225, typus); Tikutokaku, Mino (N. Kashita, no. 5220). 

Distr. Formosa. 

form. scabra Hotta, Bull. Soies Kinugasa, 366, p. 14 (1937). 

Folia supra valde scabra, margine acuta vel dentato-serrata. 

Nom. Jap. Zara-guwa. 

Hab. Formosa: Prov. Taihoku: Tomida, Taihoku (T. Hotta, no. 4053, typus) ; 

Sogo (T. Hotta, no. 4087). Prov. Sintiku: (CK. Nakazawa, no. 5804); Ouseki, Tikuto 


(M. Ando, no. 5847). Prov. Tainan: Hunkiko (I. Sato, no. 4167). Prov. Takao: ue 


Tikutokaku, Mino (N. Kasita, no. 5214); Keishu — Hotta, no. 5516, fl. 6). 
Distr. Formosa. 
form. levissima Hotta f. nov. 


Syn. Morus australis Poiret form. levis Hotta, Bull. Soies Kinugasa, 366, p. u (1937). the 
: 


Folia utrinque levia, sed non nitida. 

Nom. Jap. Sasaki-guwa. 

Hab. Formosa: Prov. Tainan: Tooku (T. Hotta, no. 4151). Prov. Takao: Tore- 
iko (T. Hotta, no. 4020, typus); Keishu (T. Hotta, no. 4019). Prov. Taito; Insula 
Koto (S. Sasaki, no. 5764). i 

- Distr. Formosa. 
var. glabra Koidzumi, Bull. Imp. Sericult. Exp. Stat, II, 1, p.16 (1923)—Hotta, 


2 


Bull. Soies Kinugasa, 366, p. 10 (1937), Bot. Mag. (Tokyo), LXIV, 761-762 (1951). 


Syn. Morus Cuspidata Wall. var. loochooensis Yendo, Traité sur la Cult. du Mar. 
au Jap., p.30 (1930). nom. seminud. 

Folia Glaberrima, uitida vida viridia. 

Nom. Jap. Teriha-sima-guwa. 

Hab. Kiusiu : : Prov. Hiuga: Osima, Minaminaka (T. Hotta, no. 1704). Prov. 


_ Osumi : Nisinoomote, Yakusima (T. Hotta, no. 1705). 


Formosa: Proy. Formosa: Taihoku (T. Hotta, no. 5509, fl. 2, cult.) ; Soh (T. 


_ Hotta, no. 4081, fl. 9). Prov. Sintiku: Byor,tu (T. Hotta, no. 4130). Prov. Taitu: 
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Shoka (T. Hotta, no. 4038, fl. 6); Suiriko (T. Hotta, no. 4139, fl. 9). Prov. Tainan 
Tooku (T. Hotta, no. 4016, fl. 9). Prov. Takao: Tikutokaku (M. Kasita, no. 5226); -f 
Nanseiko (T. Hotta, no. 4015). Prov. Taito: Insula Koto (S. Sasaki, no. 5764). 

Riukiu: Prov. Riukiu: Okinawa (Taihoku Tei Dai, no. 4096, cult.) ; Yuna Insula 
Yayeyama (Y. Shinjo, no. 5115); Awa, Kokuzu (S. Kuroki, no. 39909). 

Distr. Kiusiu, Riukiu, Formosa. 

var. obtusa Hotta, Bull. Soies Kinugasa, 366, p. 12 (1937). 

Folia supra valde laevia; apice obtuso vel acuto rarissime eXciso. 

Nom. Jap. Hime-guwa. 

Hab. Formosa: Prov. Taihoku: Sogo (T. Hotta, no. 4093, fl. typus). 

var. Tokunagai Hotta, Bull. Soies Kinugasa, 366, p. 12 (1737). 


’ Folia supra scabra, subtus fere dense pubescentia ; apice plerumque obtuso. % 
“2 Nom. Jap. Oguwa. 
as Hab. Formosa: Prov. Taihoku Sogo (T. Hotta, no. 4075. fl. 6, typus). 


Distr. Formosa. 
var. Nakazawai Hotta, Bull. Soies Kinugasa, 366, p.12 (1937). 
Folia subtus fere dense a aaghamgs ato supra valde scabra. 
Nom. Jap. Ke-zara-guwa. 
. Hab. Formosa: Prov. Taihoku: Taihoku (CT. Hotta, no. 4177). Prov. Sintiku: 
; Tikunan (K. Nakazawa, no. 5812, typus). Prov. Taitu: Suiriko CT Hotta, no. 4142, fl. 2). 
- Distr. Formosa. 
var. pubescens Hotta, Bull. Soies Kinugasa, 366, p. 13 (1937). 
- Folia subtus dense albipubescentia, supra sub scabra rare laevia. 
Nom. . Jap. Ke-onaga-guwa. 
Hab. Formosa: Prov. Taihoku: Tokusiko, Shokei (S. Wakiyasiki, no. 5601); 
_. Sogo (T. Hotta, no. 4121, fl. 9). Prov. Taitiu; Baibara (Y. Saito, no. 664, fl. 2); 
Hori (K. Kagino, no. 5740): Sisito, Notaka (K. Hagino, no. 5739, typus). Prov. 
Tainan: Sansityo, Kagi (T. Hotta, no. rgd fs Sobun (C. Chyo, no. 5210, fl. °°). 2m 
Distr. Formosa. : 
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- var. argutidens Hotta, var. nov. 

- : : : 

ee Folia varie lobata rare 2-4 lobata vel non lobata, valde herbacea, margine 
2 _ argutidentata: petiolo gracile plerumque 2-25 cm. longo. 

ame Ya‘ ate 

Re. Nom. Jap. Nokogiri-guwa. 

. a Hab. Kiusiu: Prov. Osumi: Nisinoomote, Yakusima (K. Hotta, no. 74919). 

/>- =. Distr. Kiusiu. 


var. parvodentata ‘Hotta, var. nov. 


Ay ts ae 


Folia fere scabra, nitida vel non nilida, margine parvodentato-serrate rare par- 
vocrenato-dentate, basi truncata. 
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Nom. Jap. Saito-guwa. 
Hab. Kiusiu: Prov. Osumi: Nisinoomote, Yakusima (T. Hotta, no. 1729). 
Distr. Kiusiu. 
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The Growth and Chlorophyll Formation in Seedlings 
es . as Affected by Antibiotics. 


i By Tamotu: YAMADA 
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Received July 2, 1953 


_ Some preliminary experiments were made in order to know the effects of some | 
antibiotics upon germination of seeds, with somewhat interesting results. 

The seeds of barley and rape were used as materials, being treated with solutions 
of antibiotics, penicillin (Pe), streptomycin (St), aureomycin (Au), chloromycetin 
(Ch) and terramycin (Te). 

At first were used solutions containing 10007, 500y and 250y per liter St in . 
order to see the relations between the germination of barley seeds and the concen- ~ 


tration last May. By this experiment it was found that, the above mentioned solu- 


tions had almost no effect upon germination of the seeds, but as coleoptiles, 
cotyledons and leaves developed, only the apical parts of them showed green colora- 


tion, while other parts remained white. 

The dimensions of the green colored parts and the length of roots showed strictly 
an inverse ratio to the concentration, while the length of leaves was almost as same 
as that of the control. 

After that stage, the areas of the green parts diminished gradually and after 
next 5 days, all leaves became pure white in the case of the solution containing 
1000y and in other cases the areas of white parts considerably increased. 

Then the following experiments were brought about using the rape seeds, and 
Pe, St, Au, Ch, Te, and the mixed solutions of them, For this purpose, solutions a 


containing 10007, 500y and 250y of each antibiotic were prepared as above. Pe 


showed almost no effects as compared with the control, but in the other cases, the 
formation of chlorophyll in cotyledons and stems, and the growth of roots and stems 
were seriously inhibited, and the degree of the disturbance observed was in the 


following order: mixture, Te, Ch, Au and St. The results obtained after 15 days 


using Te were as follows: 


Concentration of Te 10007 500y 250y Control 
Greening _ _ — {Hf 
Stem length 1.0 cm 1.6cm 2.4 cm 4.0 cm 
Root length 0.6 ,, Aral; Aleta 4.5.,, 


In the solutions containing 250y of St or Au, the cotyledons and stems scarc:ly 
became green, but in all other cases they remained yellow and seemed as if fallen 
into chlorosis, and in every case using solutions containing 10007 antibiotics, except 
of Pe, the roots grew showing negative geotropism. In solutions containing 60y of 
St the greening took place, but in those of others almost no greening was observed. 

In the case of rap2 seeds immersed in the solution containing 10007 of St, the — 
cotyledons and stems became readily yellow in less than one hour, 

The details will be reported afterwards. 
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Hayashi ONO: On the mechanism of the formation of starch in plants. 
3. Especially on starch formation in guard cells. 
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2. FLDMHORDLROMBL SILOBIRAL OR . 
(1) ESRREOK RARE CRILDMIBAOMENS, BEA MICOS ko 


SERIE SF UCRD HMO RBWS EBTHUCIEN TED, . — CR SS OBA SAILS 
—UTIOSD, RiSHBEDY) SOI LBS PHOWE & SILKE CARBON 2 RBBB 
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ye Tradescantia reflexa (354 C4hk UPL wD, 10~15 4 CHAKA SZ. LDESK 
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(2) HEPC OTCHRO G-1-P* ie CUMS EBS SEE D RO THESE 


BOTA O FLD CAINE KOT WiwRS 2, WHE CHINT Kk SAR 4~5 RE 


DRA CHGS IK Str Fig. 2. Oln<, SHAM THT SD, MC HD BOTW 
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+ Summary 


1. A positive correlation is recognized, on the whole, between the quantity of — 


starch formed in. guard cells and the aperture of stoma in the solution of glucose— 
1-phosphate, but in plants in their habitat, the opening and closing of stoma do noe 
correlate with the quantity of starch formed in guard cells. After these results, it 
is considered by the author that the opening and closing of stoma is. not affected 
primarily by the formation of starch in guard cells. : 

2. Starch is formed more easily in guard cells than in- mesophyll cells of leaves 
in the glucose-l-phosphate solution by the plants cultured in a dark room for more 


than ten days, but in the case of plants in natural conditions, starch is, on the 


contrary, more:easily formed in the mesophyll cells than in guard cells. It is 
considered that these phenomena were brought about by the change of pH in the 
guard cells and mesophyll cells of leaves cultured in different conditions. 

3. Formation of starch in guard cells in glucose-1-phosphate solution is checked 


by calcium .and potassium ions and the former ion is more active than the latter, 


but these two ions do not influence upon the activity of phosphorylase in vitro. It 
is likely that calcium and potassium ions do not act directly on starch formation of 


‘phosphorylase, but these ions would change the permeability of cell and the colloidal 


system of protoplasm in vivo. ae 


4. In general, the starch in guard cells is consumed by respiration in dark room, 


but in the case that the substratum contains glucose-1-phosphate, the formation of 
starch in guard cells is promoted in aerobic condition. In anaerobic condition, even 


Ne Rae es ee CRE, eee ae ao nn EME Sr 8 
, 7 a oa a ei Fin Se ~: 4 oe eae a as 2 ene > 
mt ; . Le ys Caen oe ‘ 
Se eee ee eer 
° “a aye ote 
. —_ 


: when the Suber contains glucose-1-phosphate, jer is not formed | eee vivo, bu tz 
in vitro starch is formed aerobically as well as anaerobically. The activity of “ 
_ phosphorylase is checked by KCN in vivo and in vitro, and it is considered in this — 
case that KCN acts directly on phosphorylase than on respiration. From these . 
results, it was tentatively considered that the existence of oxygen is not directly, but 


indirectly, necessary for the activity of phosphorylase. 
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Yozo [WANAMI: Physiological researches of pollen. (V) 
On the inductive tissue and the growth of the pollen tube in the style. 
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Fig. 2 768: NEB RLALAR © eH! 


1. Ha! (A, B) £332! CC, D, E) BVM, 2. Petunia hybrida Vilm. 
3. Datura Tatula L. 4. Brassica campestris L. 5. Lilium auratum Lindl. 
6. Paulownia tomentosa Kanitz. 7. Gladiolus grandavensis Van Houtt. 
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DO BBE) UEC ALBA CL, 


CL DION CAFLEDIZR SILSOC, AEBS 
PSTN O CHES SHR & OTS 
& 8 
YEDORERGRORMRD 6, HIT CSE 
LICTEEMPRILAEHY, HORNS RES UT 
WERE 5 £BARGNS. COBB, (ts 
WEP MAOMs CHO, MMe IS 
POE b BI) RIT So 
CIUGBIOW THM SL, SLICE 
BYERS CRA UL, BETS (Fig. 5) 
BD, WI? OUD, EMORY ETA MA 
DPE SNST LEAL, HEL 
AEE SHE DER eT ERO 


F : Aaa AC HANS EAL CHE BE BDL OE 
; Fig. 5 FI OMMOME thet 3 Lilium o RRC TERME OAS O* 281 TwS © 
ERE (x 1000) 6555 LIUTC HBAS SEO TERME 
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Fig. 6 Lilium O76 O LAARE 


HERI LO LUN FAAS, COMVICTEMEE ( LER —Bic an -FFAOWPICMO 
CHES COTE OME HRA AME OMIK LOCH SB, EMILMORR CRB) CHEM HAS 
HEN IC SOMBRE DRE T SCL, RUSAP LOLTHKSROEBA EOE, EBORM 
Wee SAP. HICH Se CHS Ev eMete CTEM Fig. 6 OM LHMRT STL EN CHSO 
COne FCB AME ERLE 

ERM: AAAS RPAH C1951), 


AA Te ee Pe 


— KERMED RIOTS SLE, COMBED 6 4YRBA CNSR, THeMDSKD 


SEURAERNE, FERMS Ze 1ps Ds, LIVED ~ 
CAF OSD HCACK LOCI, LE: 


DRE CHEE L, BS & OWA 


hg WeSarg S2 


2m, me 
aN Se 


3 
ita RE 


oe RTT a 


a en 


en oe 
I a5 eee ea 


Se oe eb eel ee 


rae 


_ 
Nie, 


a”: 


Spats ek rN here ea 


Fp Sa ae 
oem .o.F ee eas 


ies 


RS tes et a aihen Bind NE . 


196 * no ome 866 8 $6 71-782 


DM, WERE TERME OM OBALDLEW D te Ete lhe e Liu itis CRUTBS 30 
RATED MMTAR, ROWAMITCOW THM BRIA SE, ERIE D 
Lid, —BUCTERMFOMOME CHS &AbirTWS HCH. Tsung-Hsun & Tsad ! (1949)), — 
ea, {ERMEOWERRED, RODS 1h SIERMEDY, WIC MO LOE DPRDMOS ERE 
Orb, ea pace OS HD ROUMELBATW So BROMO LAME, BE 
TUREORARC EZ LEU TKW CHAS. MSs DBSKEOTERD 6 BH LIEB 2 Ev 
Ohne FO T, SORBRCE LICK ROUO EROBMR Ban, LORE 
OTH & OCRRD SD 3 2% | 
BEA OwTd, Bite <# SWJORGNLHSEWOINS CHSD%. WNBAPE, 7RILEDI 
) oe Tsung-Hsun & Tsad™ 6lt, eer x GRPORERORED 6, LWIA FO 
ee WRCHAS LMNTWSo LP LEDGMEEEBA, L-HIEAK* OFF OTH S48 
. Fay OCH ROCA CEB LOTORER (LOL LD SERA, UWLAKS 
Bs eae BOTS) BHSOC, LNG EICHMOUEHIO ARC OW 
— TORREY DRO, PSE HERD ETIK OS CERES DG SIE mS DOKLEM REX 
—BARET, & if, LOBMMMROOTCHEK(, TEMORIRZ ERT SZBOWD OZER 
ss HE VROWMELCHD 5 LBATWS 6 
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Resumo 


1) Kresko de polentuboj kaj diversaj gvidhistoj por ili estas observitaj en stilusoj. 

2) Estas du tipoj de gvidhistoj:trabor-tipo kaj ramp-tipo. En tiv, bora 

; _ kreskas en la histo, kaj en titi ¢i, ili kreskas sur la histo. 

3) Diversaj tipoj de stilusoj kaj gvidhistoj estas montrataj en fig. 2 kaj 3. 

st “Bkzemple:: lilioj havas trabor-tipajn gvidhistojn, kaj petunioj havas ramp-tipajn. P 

— .4) Kaneloj en la gvidhisto gvidas polentuboja al ovoloj de stigmo. Gvidsubs- 
hance helpas polentubojn por enpenetri en la stigmon, sed ne efikas: al ilia posta 

4 kresko en Ia stiluso. 

Be 5) Mi komprenas ke la gvidado de polentuboj estas kaiizata de parta akcelado- 

Pa por membrankreigo en la tubopinto. 
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Koji YANO: On the chromosomes in some mosses IV. 


z Sex-chromosomes and polyploidy of Polytrichum. 
1953 44 3 HH 26 AAeth 


A*¥ TS) (Polytrichum) OEMS ATE 1 ANIA BTW SII AW BIS Feb ee 
AK (1936) 24 9 A¥ as (Pol. atlenuatum) CLNREBLL, ZORGARR 9 6+X, 
6 6+Y ELK. A’ Jachimsky (1935), SEH 1937) ABOU EIC OW TMA Lic 


28, AED DIE LICH TIRE OAELEIRILD CHRD) LORNA CIHR 
— HE SRECMBDOOTC, BRAIN GOMETO MIE 2 MCPER GASB. APRS 


TAB MO BAPE OW TEMA TS LL DMKKO CU FRED So 


PRMEATTTROMOHM EUCHRE LAL I, EONAR 


ates Ceif 1952) OF LiRTH 3B. 


3 og $$ 1 # (Table 1) 
: | Species examined | ’ Karyotypes Lacalities . 
Pia nein : alate OP ae | LE, RIL, sei et 
| Pol. piliferum Schreb. : aot Reh AS Sat Deaton seigill, EGIL, seem" 
a Pol. attenuatum Menz. fe) n=7=V(H)+3V-42) +m(h) ee He 2h re * ‘ 
Pal commune L. 3 6° n=7=V(H)+3V+2J+m(h) | -NyeAT* ae is s : Ae 
q Bor juniperinum Hedw. 3 n=7=V(H)+3V +2) +m(h) Fe HL . 
3 | Pol. er, Horik.. 9 n=14=2V(XY)+6V+4]+2m(h) as ABI, ATH | 


cr BE * DARE, Mas ~ cAI 


Bec 3 1 RBMORMG UCR EM 
a Pol, alpinum, Pol. piliferum OTR RRIEIME MELEE & 2 o LOWE CE Zr STUD Yet, 


A ARCEOKD 64S Pol. alpinum OW THU ¢ FITS 0 Pres 
Pol. alpinum DRAEHBICOU TST CA (1937) BHR OMET 1 n=Lin eh Se 


RAR OER PALE BEST 
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Pc Big. 3 CATR OMI X AUOKOMPOMBCHT, BEDS SB A ALDE 


ms Sars no ee oe 66 8 181-180. 


CU So HRCAM EATS Wt GTB) 4 bre CAMEL RL, aca 
WEf71& n=7 THSC LRWERL, VICHEEARD HE BWI SINT SC EDU Ko 


. 7 7 ’ 
: tS he . . 
Ce ee ae ” 


ae ee ate 
— weDrur rae 


Figs. 1-10. Pol. alpinum »¥2 fa f& £ LAER 
(Chromosomes and heteropycnosis of Pol. ajpinum) x 3000 
1-4. 9 PROM L LIVE (Nuclear plates and heteropycnosis in 9 gametophytes) 
5-8. SOMME Mi wR (Ditto in 6 gametophytes) 
9, 10. Figs. 1, 5 f%#€> 4 fK (Serial alignments of the chromosomes shown in 
Fig. 1 and 5 respectively) _ 
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HERONS X CMEC LACT 3 OBA BORIC CR 3 5B 2M 
SASL Sd BRS LIAO PRE BITE OBE AAS LOMA CHD, RE 
PIR RTL, MO 1 R—-HORMOWAEILONS 5 WICMORO ds AISLE LL : 


ag = DRED ONS. LH IMORAGMORT K RG Lee LEMS Be HE 
CS HWE W FWERTC LBS. LOBE X BHHTRAORCATD D, A 
" 2 V5 PWCDZZ x EIRBEIC LORE FENG Ceratodon purpureus, Polytrichum altenuaium) ; 


CR, AK 1936), kU Mnium ROE (helt, KE 1953) OX OBSr PCH Sia 
RNC IO X BBVA PH (Figs. 3, 4) DBCS ORD Behe A LCRTS Zo 


he DENELENTHE Ws 


(HU BEOI  2UATE X CHEST Lb, TARO Hitt L ROO IERIE DOT, Y 
BX LER V FERRE TH YD, (HO 1 REL—MOMMC SS. Wie Y RACE 


BIC Y OR AEH X OTMCULTELDAEW (Figs. 7, Bo. 


ee inflexum CFs, 7) My 1932), Foligno attenuatum CFs}, AK hire @ Xa 


HERO Pete tack Y eae (KEVIMO—I TD Sat X CTP OS ¢, s - 


ce X LISBUC RS, MS Y O—BIAAA LAMBS ROR (HUIS Se 


ASBING bh G2 SERRE ART Y ARATE REC ha entwns ENS Pogo um 
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RRL CNBR RYEKCHOK YD 6AM OWS RMOTW SOK Ceratodin 
| burpureus CF, AKT 1936), Mnium jm, (heh, YF 1953) O Y leith 2 REE BEBE 
— BARGHULIK KSBYGAO—OCH D, 2 HOSES LOTSA CEAMOBS & HID 
LUWOS8, LOS J FUWCHOKDEAMO V PILOTS. 

X RO Y LU OBearcweek, MEIER « 6 MMTH SD, THA 3B UMOV, 3 (HD J 
CBS J FWRKD 5 BORO 11M (m) PREMMARTOT h CHS. Lng X 
BUY LUO SIAIL, COWRUAS SCH CHMECHIT MINT SLODSD, MERE HNIC 
BADD SNR. HED TAA O BMA 9 n=7T=V(X)43V42J4+m(h), 6 n=7 
§ =V(Y)+3V4+2J+m(h) CHS. 


Figs. 11-13. Pol. alpinum Ope Bo 
(Meiotic chromosomes of the 1st metaphase and anaphase in SMC’s of 
sporophytes in Pol. alpinum) x 3000 


Figs. 11-13 (LAH OD FRACA OG ZWACRORE AT, Eb BSS A WC 7 AD 
TMA AADL CNS, ZOIFSOL MAME DDRASS, ACHE ATHOUKE 
SRR T SARC 245, ZORAZERWOMEM ID CEDMRSitrte. HWCOORKOFR 


U Y CHS. KOTHMOREAARI 9 64+X, 5 64Y CHS, 
Pol. piliferum O%{f4{KRMIAIWw T lk Leeuin-Rijnvaan (1907, 1908)*, Vanderdries 


— N=7 CHO, WICFEMILAO MEMEO Ye RO IBAELEBED 6 PEMEES HK DAETES S XE HH 
DNL. HUSH Pol. alpinum DENLIA ERS ABCEOKD SCLC 
LUE SOS. HIS Figs. 20, 21 CARTin< AHO BAVIABIEL L IKE @ n=7=ViK)+ 
3V+2J+m(h), 6 n=7=V.Y)+3V42J+m(h) CHT, Yetapesle 9 6+X, 5 6+Y 
CBS. 


 fiJ1%—HOVWED gametophyte DADBHe GOK. tr & t OYLRle n=7 TCHS 
(Figs. 22-27), 83 nNA#O RHI Pol. attenuatum OW TR PARK, AA (1936), Pol. 
commune \2D\* Tle Heitz (1928), Jachimsky (1935), Pol. juniperinum \2OwW Tk 
Heitz (1928), 32H (1937) OBST LK LOCH S. WMEKOHMACKS LON 3 


MOR EKOMELME2MOTNEPWOL GN, WEUEAD V bivhO m be Re 
Pye tak H RO h CHS, Md TOMI s n=7=H(V)4+3V+2)+m(h) CHS. 


- «*) **Tischler (1927) 1c (KS o 


SETS HE A LO fh eta SEA UW CSS REL TE 5g CHAEORESED 6 ILO HAM KR 


(1912)** 2° n=6 LHUEUTWI SH, BROAMAR 1K) CHKLO CHAN | 


Pol. attenuatum (2), Pol. commune th ae Pol. juniperinum (&) ® 3 AMUSO! Tk 
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(Chromosomes and heteropycnosis of Pol. piliferum) x 3000 
14-16. 9° ko L IA ES (Nuclear plate and heteropycnosis in $ gametophytes) 
17-19. SFROBML REA (Ditto in 6 gametophytes) 
20,21. Figs. 14, 17 {MOK (Serial alignments of the chromosomes shown in 
Figs. 14 and 17 respectively) . © 


; 
Figs. 14-21. Pol. piliferum Yeti tk & AERA. : 


Mya Figs. 22-27. fh 3 JRA OY ts fk & REBT S 
(Chromosomes and heteropycnosis of other 3 basic species studied) x 3000 . 
22, 23. Pol. attenuatum 9°, 24, 25. Pol. communes » 26, 27. Pol. juniperinum 6 5 


s . x Il. =ff18 Pol. yezoense D4eH)e iueliett a 
ee en ee ee ee vine 


_ hotmon (aac stores LE DdDDOK. | 
| BELO OW TRATES NI BOMEO, FKARN G1 kD OR 
bi) FHLOS EORAKOBRARA TER, mrt n=14 CHOTHKH az TST ROM 
oo eee Oe Figs 218) Be DRE Os a oe 
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Figs. 28-31. Pol. yezoense fa fk & REE 
(Chromosomes and heteropycnosis of Pol. yezoense) x 3000 
31. Fig. 28 AO WH fk (Serial alignment of the chromosomes shown in Fig. 28) 


FS LMBKOWMCILW GPCR Rd 613. HS EADLD Ch) tk 3 OMe ES, 
% DAKO Mia DS is Beth & as L, Bit Pol. alpinum SEAGLOWO X LARCH D, 
MBL OVED EPC)BCHOT (Hz) 2 R#¥RLOTHY, —HOAPRBRHLRTD 6 
SERIO RERD Y LECH S. BC CE MYE LS RLUYED 12 DYE RISER ET 
BRE ZNENABOAWASRD 2HDCROTWS. MSAMO HERO RR D KD bt EK 
FED MER OU MERO YS EK & BRE LOIS So CO BSR SAE DEKE REC DH 3 
LEBEL TCRRSSLL CHS. LHFORKRD OHSS L, MIAMUALOIRMO 
Lo & ALAMO ERA & OT MMP D G apospory Re RCE 
OCP NIKXPAL CH D, ZOPICHMMERPEL RORLOTCEDSEOM. HOTAMO Hy 
RU He hw GO( LOWED EtZHEH X ROY CMMTSLV CHP, AM OBA 
KOM RMT TEDMWRKSOTCKDSSRUOD 6 . 
n=14=2V(X, Y)+6V+4/+2m(h) 


Résumé 


1) The chromosomes of 6 species of genus Polytrichum have been investigated. 
The results obtained are shown in table 1 and figs. 1-31. 
2) In Pol. alpinum and Pol. piliferum have been found the sex-chromosomes ; — 
- the largest heterochromosome of female and of male gametophytes of those species — 
are sex-chromosomes X and Y respectively. The karyotypes of those 2 species are 
Q n=7=V(X)+3V+2/+mh), 3 n=7=V(Y)+3V+2/+m(h). 
3) The karyotypes of the other 3 species (Pol. attenuatum 9°, Pol. commune 8, : 
3 a Pol. juniperinum 3) are similar in the chromosome complements; n=7=V(H)+3V 
 -+2J-+mCh). 
: 4) Pol. yezoense is monoecious and a diploid species in this genus, hayine two 
sets of chromosomes of the monoploid species. The largest two heterochromosomes 
: (H) of this species are presumed to be the sex-chromosomes X and Y, after a 
. careful comparison of their. morphology and heteropycnosis to that of the sex- 
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‘ sheeted ee of the peeAGAIGIA species above ‘mentioned. , ‘The karyotype of 
“species is n=14=2V(X, Y)4+6V+4J+2m(h). 
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77. C. geometricum W. & G.S. West Var. suecicum Borge in Messikommer p. 46. 
pl. 4. £.51,52. 1935. Length 8.6, Breadth 7.7 », Isthmus 3.4, Hab. 16. New to Asia. - 
78. C. decedens (Reinsch) Racib. in West p. 43. pl.69. £.6-8. 1908. Length 43 pe 
60, Breadth 21-37, Isthmus 17-19. Hab. 2-8,10,11,13,17,20. Distribution in 
Japan: Confined to the alpine region and often met with. ag 
79. C. exiguum Arch. in West p.63. pl.70. £.17-19. 1908. Hab. 2,3. Distibation 
ein Japan: General. pis Bes 
= 80. C. minimum W. & G.S. West in p.66. pl. 71. £1, 2. 1908. Length i030: Ae 
_ Breadth 10.5, Isthmus 4.9. Hab. 17. Second record in Japan: Already known a : 
from Mt, Kirishima. ae 
81. C. pseudoexiguum Racib. in West p. 139, pl. 57. f.7. 1905. Hab. 9. Distribution 
in Japan: General. 
82. C. undulatum Corda var. crenulatum (Nag.) Wittr. in West p.150. pl. 59. f. 
- 11,12. 1905. Length 25.84, Breadth 17.24, Isthmus 8y. Hab. 9. es 
83. C. subprotumidum Nordst. var. Gregorii (Roy & Biss.) W. & G.S. West in- € BS 
West p. 232. pl. 86. f. 23-25. 1908. Length 25», Breadth 21 », Isthmus 7 ‘Hab, 23. yf : 
New to Japan. St i? 
84. C. petsamoense Cedercreutz in p. 244, f. 12,13. 1932. Length 30.8 py, oe a 
183, Isthmus 8.6. Hab. 21. New to Japan. pene ies 
- 84a. forma simplicius Kossinskaja in p.419. pl. 2. f.2. 1936. Length 35 yu, Breadth 
258 y, Isthmus 9.8. Hab. 21. New to Japan, tbe 
| 85. C. obliquum Nordst. forma tatrica Gutw. in Messikommer p. 33, 48. pl. 4. to 
39, 19°5, Hab. 3-6, 8, 11-14, 17, 23. Alpine Desmid, only distributed in the alpine moor : C4 
of Japan. I have often found two forms at the same time, each after the other in - ta ‘3 
sphagnum bogs of the Japanese Alps, one measures in length 14~15.4 p, and in 3 : 
_ breadth 12 w and other is in length 26-27, and in breadth 19-20 p. ee ee +g 
| 86. C. contractum Kirchn. var. minutum (Delp.) W. & G.S. West in p.173. 1905. a 
Hab. 9. Died iientiin in Japan: General. kas 
i 87. C. Hammeri Reinsch var. protuberans W. & G.S. West in p. 183. bl; 62. £: 24, ee 
vas 25, 1905. Length 26-30, Breadth. 19.4+23.7 w, Isthmus 7.7-8.6 4. Hab. 8,9. Distribu- eu 
é te tion in. Japan: General. : 
Pe 88. C. venustum (Bréb.) A Ath. fovtaonino}- Wille td. West p. 10. ol, 66, £45 108 


es os, ee 
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Length 24-28 », Breadth 15.4-19.6 , Isthmus 5.6-6 «. Hab. 6-8, 10-14, 17. Distribution 
in Japan: General in alpine moors. F 
89. Xanthidium armatum (Bréb.) Rabenh. in West p.51. pl. 104. f.1-5. 1911. 
Hab. 3,8,10-14. Distribution in Japan: Often met with in sphagnum-bogs in the 
alpine and subalpine regions. : 
9). xX. concinnum Arch. in West p.86. pl.112. f.10. 1911. Length 8.4-12 p, 
Breadth 10.8-11.2u, Isthmus 5.64. Hab. 7,14. Distribution in Japan: Rare (Piez: 
Foyle) 
90a. var. Boldtiana West in p.87. pl.112. f.11,12. 1911. Hab. 3,8,11,12. Distri- 
bution in Japan: Samé as in the typical species. 
91. X. antilobaeum (Bréb.) Kiitz. var. laeve Schmidle in West p.68. pl. 109. f.3. 
bs 1911. Length without spine 64.4 1, Breadth without spine 56 mu, Isthmus 19.6. Hab. 
10. Second record in Japan. 
92. X. cristatum Breéb. var. uncinatum Breb. in West p.73. pl.111. f. 2-4. 1911. 


y Hab. 9. Distribution in Japan: Frequently met with in swamps of low land. (PI. 2. 

Beet f:5.) - 

93. Arthrodesmus controversus W. & G.S. West in p.103. pl. 115. f. 12-14. 1911. 

eae: Hab. 13. Second record in Japan. 

‘ 94, A. Incus (Bréb.) Hass. forma minor W. & G.S. West in p.92. pl. 113. f. 16— 
uo 


19. 191', Hab. 3, 4, 6-8, 10-12, 14, 15, 23. Distribution in Japan: General in sphagnum- 
bogs in high altitude. (Pl. 2. f. 11.) 
‘ 94a. var. indentatus W. & G.S. West in Taylor p. 273. pl. 56. f.9. 1934. Length 
- without spine 13-16.8 1, Breadth without spine 10.8-14 wu, Isthmus 5.8-7 uw. Hab. 8, 11- 
b 13, 23. Distribution in Japan: General. 
94b. var. Ralfsii W. & G.S. West forma latiuscula W. & G.S. West in p.96. pl. 
114. f.5. 1911. Length without spine 16.3-17 4, Breadth without spine 17-19.4 p, 
Isthmus 5.5-6 w. Hab. 8. Distribution in Japan: Not general. (PI. 2. f. 29.) 
95. A. crassus W. & G.S. West in p.102. pl.115. f.8-11. 1911. Length without 
spine 21.5 w, Breadth without spine 17.2 wu, Isthmus 13. Hab. Mt. Kaminotake. New 
to Asia. (Pl. 2. f. 13.) 
96. A. phimus Turn. var. occidentalis Ww. & G.S. West in p.104. pl.115. f.17. 
. 1911. Length without spine 16.3 4, Breadth without spine 17.2 u, Isthmus Sik Hab. 
8. Second record in Japan. (Pl. 2. f. 27.) 
97. A. triangularis Lagerh. in West p. 97. pl. 114. f.11-13,17. 1911. Hab. 3. Dis- _ 
tribution in Japan: Not general. 4 
98. Micrasterias truncata (Corda) Bréb. in West p.82. pl. 42. f.1-8. 1905. Hab. 
13. Distribution in Japan: Not general but often met with in sphagnum-moor of the 
alpine and subalpine regions. | 
99. M. denticulata Breb. var. angulosa (Hantz.) W. & GS. ‘West in p. 107. pl. 50. 


f.3,4. 1905. Hab. 8. Distribution in Japan: Frequently met with but scarce in alpine 
region. 
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100. M. Thomasiana Arch. in West p.110. pl.51. f.3-6. 1905. Length 224 p, 

Breadth 192 w, Isthmus 31 4. Hab. 21. Distribution in Japan: Not general. 
101. Staurastrum alternans Bréb. in West p.170. pl. 126. f.8,9. 1911. Hab. 11-13. 
’ Distribution in Japan: General. (Pl. 2. f. 4.) 

102. St, apiculatum Bréb. in West p.6. pl. 129. f.6-8. 1923. Length without spine 
214, Breadth without spine 19.6 «, Isthmus 5.6 @. Hab. 1. Distribution in Japan: 
General. (Pl. 2. f. 25.) 

103. St. brachiatum Ralfs in West & Carter p.88. pl. 141. f. 14, 15, pl. 142. f. 1-7. 
1923. Hab. 2, 3,8, 11,12. Distribution in Japan: General in sphagnum-bogs. 

104. St. hirsutum (Ehrenb.) Bréb. in West & Carter p.65. pl.138. f:4-6. 1923. 
Length without spine 39-47 », Breadth without spine 36-47 », Isthmus 11-15». Hab. 
1-3, 8, 10, 14, 15, 20, 21. Distribution in Japan: Frequently met with in nas Parte moor 
of high altitude. (PI. 2. f. 6.) 


105. St. margaritaceum (Ehrenb.) Menegh. in West & Carter p- 131)’pl. 1602; 5 


9. 1923. Hab. 1-3, 5-8, 10,12, 14. Distribution in Japan: General, especially in sphag- 
num moors. 

105a. var. robustum W. & G.S. West in West & Carter p.133. pl. 150. £.13. 
1923. Hab. 3,4. Distribution in Japan: Rather rare. 

106. Sit. micron West in West & Carter p.123, pl. 149. f.6. 1923. Length with 
proc. 15.4 », Breadth with proc. 16.8 w, Isthmus 7 uw. Hab. 4,8. Distribution in Japan: 
Not general but often met with in sphagnum-bogs of the alpine and ee la 
regions. (Pl. 2. f. 18.) 

107. St. erasum Bréb. in West & Carter p.71. pl.137. f.9-11. 1923. Hab. 17. 
Distribution in Japan: General but rare in the high altitude. 

108. St. forficulatum Lund. var. verrucosum Gronblad in p. 64. pl. 3. f. 47, 50-51. 
1920. Length with proc. 44.8 p, Breadth with proc. 42 yw, Isthmus 14. Hab. 9. New 
to Asia. (Pl. 2. f. 1, 22.) — 

109. St. asteriotdeum West var. nanum (Wille) Gronblad in p.418. f. 29-31. 1948. 
Hab. 17. Distribution in Japan: General but not known at all. 

110. St. dispar Bréb. forma W. & G.S. West in p.187. pl.127. f.7. 1911. Length 
22-26 pH, Breadth 22-26, Isthmus 8-9). Hab. 1,17,21,22. Distribution in Japan: 
Widely distributed but not known in general. 

111. St. furcatum (Ehrenb.) Bréb. in West & Carter p.173. pl.155. f.1-4. 1923. 
Hab. 2, 12,13. Distribution in Japan: General but not known at all. 

112. St. muticum Bréb. in West p.133. pl. 118. f.16-20. 1911. Length 21-23 p, 
Breadth 19.7-22 », Isthmus 5.6-6.4u. Hab. 8,12. Distribution in Japan: General but 
not known. 

113. St. laevispinum Biss. in West & Carter p.90. pl. 141. f.17,18. 1923. Length 
21.5 u, Breadth 17 », Isthmus 8.6 4. Hab. 8. New to Japan. 

444. St. Simonyi Heimerl in West & Carter p.45. pl.135. f.1-4. 1923, Length 
without spine 21.5, Breadth without spine 21.5, Isthmus 6.44. Hab. 1-3, 6-13, 15, 22. 
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as - 23.6 w, Breadth 23.6 yw, Isthmus 10.8 w. Hab. 17. New to Japan. 


ees 15. 1923. Length 36, Breadth with proc. 39 wu, Isthmus =e Hab. 17. New to 


«28 ps, Breadth with proc. 33.6 4, Isthmus 9.84. Hab. 22. Already known from } 
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- 1l4a. var. sparse-aculeatum (Schmidle) Hirano, comb. nov. Syn. ‘St. Morse: : 
aculeatum Schmidle in Osterr. Bot. Ztschr. p.31. pl 16. f.2). 1895. Length without 
spine 19,6-23.7, Breadth without spine 19.4-19.6 », Isthmus 5.6-7.7 .. This is a form ; 
which possesses well developed spines. New to Asia. (PI. 2. fi 72) 

115. St. trihedrale Wolle in West p. 260. pl.16. f.29. 1896. Length 38.7-44.8 4, 
Breadth 27-30 , Isthmus 9.5-12.6 w. Hab. 2,17. New to Asia. (PI. 2. f. 8.) | 
116. St. punctulatum Bréb. in West p.179. pl.127. £.8,11,13,14. 1911. Length — 
31 p, Breadth 31 4, Isthmus 14. Hab. 21-23. Distribution in Japan: Not general. 
116a. var. Kjellmani Wille in West p. 182. pl. 127. f. 13. 17-19, 21,22. 1911. Length 3, 
33.6 », Breadth 28 yw, Isthmus 15.4 w. Hab. 21. Rare variety in Japan.:(Pl.:2. f. 39.) - 
117. St. scabrum Bréb. in West & Carter p.81. pl. 140. f. 1,2. 1923. Length 28 p, ; 
Breadth 28, Isthmus 11. Hab. 3, 10-12. Frequent in sphagnum moor of Japan, 
118. St. O’Mearii Arch. in West & Carter p.13. pl. 132. f.5-8. 1923. Length 3 
‘without spine 14, Breadth without spine 14, Isthmus 9.84. Hab. 3, 8, 11-14. ‘ 
Distribution in Japan: Rare, this is a second record. (PI. 2. f. 9.) 3 
118a. forma parallela Strom in p. 237. pl.6. f.2,3. 1926. Length without spine 4 
22.4 , Breadth without spine 21.5 », Isthmus 13 4. Hab. 3. Second record in Japan. — 
119. St. hexacerum (Ehrenb.) Wittr. in West & Carter p. 138. pl. 142. f.11-14. 1923. 
meee 22.4 «, Breadth with spine 28 , Isthmus 9.84. Hab. 23. Rare. (Pl. 2. f. 15) — 
120. St. echinatum Bréb. in West & Carter p.56. pl.137. f.12. 1923. Length 


121. St. sexcostatum Breb. var. productum West in West & Carter p. 148. ok 150i, 


eo Asia.<(Pls 2.f. 21.) 
122. St. senarium (Ehrenb,) Ralfs in West & Carter p.175. pl. 156. f.3. 1923. 

_ Hab. 11, 12,14. Distribution in Japan: General. 

123. St. spongiosum Breéb. in West & Carter p.76. pl. 140. f. 14, 1923. Length 3 
without proc. 49.5, Breadth without proc. 43 p, Isthmus 21.5 w. Hab. 8. = to 
Asia. (PI. 2. f. 31.) : 

124. St. inconspicuum Nordst. in West & Carter p.86. pl. 141. f. 4-7. _ pl. 142. eo 
1923. Hab. 2,3, 8, 11, 14. Distribution in Japan: General but not Kins 

125. St. Hystrix Ralfs in West & Carter p.60. pl. 136. f.1. 1923. Hab. 1-4, 68, 


10-14. Distribution in Japan: General in the sphagnum bogs of alpine and subalpine 
region. 


ae 
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126. St. inflexum Bréb. in West & Carter p. 108. pl. 143. f.7, 8. 1923. length 4 


Hira. Second record in Japan. (PI. 2. f. 3.) 
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4 ~  128a. var. continentale Messikommer in p. 207. pl.8. f.9. 1928. Length 25.8-p, 
Breadth 25.8 «4, Isthmus 8.6 ~. Hab. 8. New to Asia. (Pl. 2. f. 19.) 

129. St. cyrtocerum Bréb. in West & Carter p.135. pl. 149. f.9. pl. 150. f.4, 1923. 
Length 36 #, Breadth with proc. 42 , Isthmus 16.8 ~. Hab. 10,23. Second record in 
Japan. 

130. St. dejectum Bréb. in West & Carter p.7. pl. 129. f.9-12. 1923. Hab. 10, 23. 
_ Distribution in Japan: General. (Pl. 2. f. 23.) 
~~ «131. St. Dickiei Ralfs var. circulare Turn. in West & Carter p.5. pl.129. £.16. 
1923. Length 32-37 , Breadth without spine 30-32 , Isthmus 10. Hab. 5,8. Second 
record in Japan. (PJ. 2. f. 14.) 

132. St. mutilatum Lund. in p.74. pl.5. £.3. 1871. Length 44.8 u, Breadth 33.6 4, 
_ Isthmus 22.4. Hab. 20. New to Asia. (PI. 2. f. 20.) 

_-~--:133. «St. proboscideum (Bréb.) Arch. in West & Carter p.129. pl.143. f. 14-16. 
1923. Length 36.4». Breadth 31, Isthmus 16.8 4. Hab. 2. New to Japan. 
134. St. polymorphum Bréb. var. Gronbladii Hirano in p.67. f.8. 1948. Hab. 6. 
Distribution in Japan: Rare. 
135. St. orbiculare Ralfs var. depressum Roy & Biss. in West p.158. pl. 124. f. 
i 17-19. 1911. Hab. 1, 2, 8,12, 14. Distribution in Japan: General. (Pl. 2. f. 26.) 


Z 135. St. clepsydra Nordst. in West p. 152. pl. 122. f.6. 1911. Length 30 4, Breadth — 


28 #4, Isthmus 11y. Hab. 13. New to Asia. (Pl. 2. f. 10.) 


2 136a. var. sibericum (Borge) W. & G.S. West in p.152. pl. 122. f.9, 10. 1911. 


Length 15, Breadth 15-17 », Isthmus 9. Hab. 7 and also in small ponds of Mt. 
Yakushi and Mt. Kaminotake. New to Japan. (PI. 2. f. 16.) 

137. St. pileolatum Breb. in West p. 127. pl. 118. f. 11-13. 1911.. Length 34. 4-38.7 hb, 

Breadth 21-23.7 , Isthmus 17.2 Hab. 1,3,4, 7,8, 10, 1J, 22. Frequently found in the 

= sphagnum-bogs of the high altitude of northern Japan. : 

ae 138. St. pilosum (Nag.) Arch. in West & Carter p.63. pl. 18. f. 1-3. 1923. Lenetn 


. without spine 43 uw, Freadth without spine 43 yu, Isthmus 15 yw. Hab. 6. New to Japan. © 
139. St. varians Racib. forma truncata Gutw. in Messikommer p. 348. pl. 2. f. 21. 
1927. Length 33.6», Breadth 29.2 , Isthmus 15. Hab. 8, 13,14. Second record in 


Japan. (Pl 2, fr.) 
140. St. controversum Breéb. in West & Carter p. 162. pl.154. f.1-4. 1923. Hab. 
12. Distribution in Japan: Rather rare. 
141. St. wandae Racib. var. Lrevispinum Gronblad in p.63. f.IV.1. 1938. Length 


without spine 22.4 , Breadth without spine 16.8-17.6 uw, Isthmus 12.6-14. Hab. 3, 


a 12-14. Distribution in Japan: Confined to the alpine and subalpine regions in central 

4 and northern Honshi. (PI. 2. f. 24.) 

142, -Hyalotheca disstliens (Sm.) Bréb, in West & Carter p.229. pl.161. £.16-27. 
1923. Length 17 », Breadth 28m. Hab. 9,14. Distribution in Japan: General. 

42a. var. tatrica Racib. in-West & Carter p.234, pl.1¢2. £.19. 1923. Hab. 3,4, 
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. 7,8,11-13. Distribution in Japan: General. 
143. Hy. mucosa (Mert.) Ehrenb. in West & Carter p. 233. pl. 162. f. 1-4; 1923. 


Hab. 8. New to Japan. 

' 144. Spondylosium planum (Wolle) W. & G.S. West in West & Carter p. 222. 
ee pl. 160. f. 23-25. 1923. Length 84 Breadth 9, Isthmus 5. Hab. 10, 12,14, 23. 

New to Japan. 
. 145. Sp. pulchellum Arch. in West & Carter p. 227. pl. 161. f.1-3., 1923. Length 
"ep 12.6 », Breadth 12.6 », Isthmus 4.2 w. Hab. 2. Distribution in Japan: Not general. 
oe 146. Desmidium coarctatum Nordst. in West & Carter p. 252. pl. 165. f.1, 2. 1923. 
Hab. 9. Distribution in Japan: General. 

147. D. Swartzii Ag. in West & Carter p. 246. pl. 163. f. 5-8. 1923. Hab. 14. Dis- 


tribution in Japan: General. 


ie 


pe 3 


° 148. Sphaerozosma granulatus Roy & Biss. in West & Carter p. 213. pl. 160. £.6, 
—s-7, 1923. Length 9.8, Breadth 7.6 m, Isthmus 5.6. Hab. 1,2,3,7,8. Distribution in 
4 Japan: General. 
be 149. Gymnozyga moniliformis Ehrenb. in West & Carter p. 255. pl. 165. 2 8, 9. 1923. 
a Hab. 2, 3, 6-8, 11-14. Distribution in Japan: General. 
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Explanation of plate Dama = 
1. Staurastrum forficulatum var. verrucosum 2. St. varians £. truncata 3. St. inflexum 


var. sparsé-aculeatum 8. St. trihedrale 9. St. O'Mearii 10. St. Clepsydra 11. Arthro- 
desmus Incus £. minor 12. Xanthidium concinnum 13. A. crassus 14. St. Dickiei var. 


“2 


S var. productum 22. St. forficulatum var. verrucosum 23. St. dejectum 24. St. wandae 
P r. brevispinum 25. St. apiculatum 26. St. orbiculare var. depressum 27. Arthrodesmus 


 Staurastrum punctulatum var. Kjellmani 31. St. spongiosum x 640 


circulare 15. St. hexacerum 16. St. Clepsydra var. sibericum 17. St. crenulatum 18. 
‘St. micron 19. St. crenulatum var. continentale 20. St. mutilatum 21. St. sexcostatum 


himus var. occidentalis 28. A. Incus var. Ralfsii f. latiuscula 29. A. Incus var. indentatus 


‘4, St. alternans 5. Xanthidium cristatum var. uncinatum 6. St. hirsutum 7. St. Simonyi 
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How electric current stimulates the root formation 
of Salix cuttings 


By Yasona FUKUDA* and Takeshi TAKAOKI* 
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The fact that the applied electric current accelerates the cataphoresis of hormone 
to the anode in agar-agar medium is affirmed (11,4). In the living body, however, 
though the similar phenomenon is believed to have been affirmed by several authors 
(2, 21,12, 11), it is denied also by other investigators (7,9,3,5). By the applied E.M.F. 
the inherent potential may change (2, 13, 11, 4, 14, 10, 15), and may indirectly in- 
fluence growth (17, 10, 16). Thimann and Went (19) succeeded in enlarging the 
potentiality of root formation of cuttings by putting them in heteroauxin solution. 
Watanabe and Ito (20) likewise found a way of accelerating the root. formation of 
willow cuttings by electrifying them in the water tank. They thought that cata- 
phoresis of charged auxin enlarged, resulting at the cut end, in the speedy accumula- 
tion of auxin which more strongly stimulated the root formation. The theories of 
the above investigators who continuously electrified materials, may not be adopted 
to the temporary electrifying of Watanabe and Ito. Electrifying effect on the cutt- 
ings of willow trees can be macroscopically observed in the plant itself, Ze the 
preparation is self-testable. Such suitable samples beeing presented, the authors 
repeated the test after Watanabe and Ito to study the way of stimulation of electric 
current on the root formation. 


MATERIAL AND METHODS 


It is a horticulturist’s custom to pre- 
pare cuttings of willow trees before new 
shoots sprout, but Watanabe and Ito exper- 
imented electrifying on the root formation 
of willow trees after sprouting. So in this 
experiment the authors chose the similar 
period of the year. The former year’s 
slender shoots, 8mm in diameter, were 
taken from the willow trees, Salix babylonica 


--L., and the shoots were cut 14.5-29.0cm 
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experiment, so the E.M.F. of the same voltage was again applied to the materials : 


: at the different intervals. New roots increase and elongate more in ‘test aan a 
“as in controls, but no difference is seen in sprouts (Fig. 1). Bin 


As a in the erie iy table new roots increase and elongate more in senpley of 


“ Th 
a 


long excluding tips with new sprouts. Five to ten shoots were bound together in #4 
the same polar direction, and placed ina glass cylinder of 5cm in diameter and 
30cm in length, which was filled with water. As the electrodes two nickel. gilted — 
copper plates were attached to the top and bottom of the cylinder. During the 
latent period of root formation, the preparations were placed in a dark room, in 
order to prevent the disturbance of hormone distribution by the new hormone 
formation in the daylight. Observation was carried on 10-12 days after the 
electrifying. The presented values are the average of 5-10 examples. 


EXPERIMENTAL RESULTS 


A) Relation between the amount of applied E.M.F.s and the root formation. 
Watanabe and Ito (20) had found D.C. 50~200V was the optimum voltage for this : 


Applied potential 100V, 0.18~0.20 mA/cm?, 


Treatment Control anode at the base of cuttings “eh 
: : Osec. lsec. 10sec. 30sec. Imin. 3min. 
ee Of stimulus (ratio) | (ratio) (ratio) (ratio) (ratio) (ratio) 
1.0 1.9 2.7 1.8 3 11 
Number. of new roots (100) | (190) (270) (180) (310) (110) 


‘ 9.0 20.2 17.6 18.0 TOs 13.5 
Length of a root (mm) | (399) | (292) (196) (200) (292). (150) 


3.9 3.7 45 3.9 3.6 4.8 
Number of sprouts (00) | (95) =«415)~=—«(100)~Ss«(92)—Ss« (428) 
é 11.9 13.5 13.4 13.9 14.5 10.9 o8tt eS 
_ Length of a sprout (mm) (100).| G413)..,..(113).... GILT), 22), , -..(92) cieatt 


B) The effect of applied E.M.F. in different direction on the root formation. a 


hw tn na sat ae 
Applied potential 60V. Applied potential 1 Vv bcs a 
0.12~0.13 mA/cm2, — 0.20~0.21 en 10 = 
Treatment Control during 30 sec. during 30sec. 0 
ns, } Basalt Basal—  —— Basal+ — Basal — Sh pf : 
Number of new roots 2.2 430 9 - BS 41 Pinas. 
Length of a root (mm) 15.8 22.7 15.3 170 ee 
. Number of sprouts 2.8 534 REA af ayr8 ataggle Tebrineee 
. Length of a sprout (mm) 8.7 9.7 SMO: 5p iiorsliie Sty gett He 


0.54mA/cm2 during 30sec. 


Then each stem was cut in two at the middle of it 
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_ 1 minute, 1 hour and 60 hours after stimulation. The number of adventive roots, 
= f ae 
sprouts, and the length of a root and sprout are denoted in Fig. 2. a 
“hs 
2 
4 wer = ‘ o———-e Lower port. . (mm) " ir ES 
ig 9 Fig. vs 2 o———o Upper Sace Elec. Sh4 -C: Length of ‘a root and sprout = 
. 1 ultse cehtsEy: ty pedrtng STS ae a : 
e gt At Number of roots a DEST IBOE Ss ay ani 
’ © and “sprouts 2 a——--* Lower port. Pais 46 
id (aa Hag port. jE lec. "Js : ® t “ie 
s—— ower port. prou o ‘ 
3 7 4-—-—-4 Upper ,port. ‘}cont fy a oS : 
a = a . = a 
. | : gi0 eS an 
‘= a 6 Electre? -— — B: Ratio of roots and sprouts uA Lf: 
a ew g Oot s number (lower/upper 2 E 73 
haa 2 a 
Sots 5 gis at 28 
2 a, i x 
n =~ oO ow ty 
a . ue Ss 
= ra) { o oe) * 
RG a 4 é3 Bi og 
ay a E) & es 
: ~ a - 
4 2 A Ne et 
4 ee 5,35 g ae 
g 2 a na “ 
o 2 re Lag 
& -2 a2 S . 
* ne is] 
ww a 
pr: he bd 2 “a 
bh Owen CONE? Uppe a x in 
£1 ~obper Pore a . a en =p a et 
5 ectrified = 3 “A 
: : os eS Pe 
, 1 min. 1 hour 60 hours min...  dhour 60 hours 4 1 win. yl hour 60 hours ae 


As already observed in other experiments, the results of electrifying show “4 . 


+ 


that the rooting and growth of roots are in all cases better than those of control, 
but sprouting does not show any remarkable difference between the test samples — Ss 33 
and the controls (Fig. 2). 
the period when the distribution of hormone becomes less in the upper part and _ oe 
The diffe- 

rence of rooting between the upper and lower parts of the stem affirms the above 

assumption (Fig. 2. A, B). 
in controls (Fig. 2. A). 


Intervals between electrifying and halving of stems are ae 


AS Aa ABs balks Diaktee tat Pah hie As 4 ah i Wai hs bhi i 
¥ “ » My “A ‘ ' A 


“more in the lower part, if downward transport of hormone takes place. 


is 


wey” © 
vrs 
Y, 


This tendency is recognizable both in test samples and 


eS lh /1L | 


ii aa ah hy 


30 


The rooting ratio of the lower portion to the upper portion | a 


becomes larger in proportion to the length of the interval, but the ratio does not— ae 
_ differ between the test samples and thecontrols at the same length of periods (Fig. + 4 


apy This fact proves that the hormone transport takes place in the controls as- ae 
well as in the test samples. . ; 
Dd) The relation between the length of cuttings and the number of adventive 


eon of new roots “3cm of stem 


roots. Cuttings of different length were placed in the dark. ‘he result is ‘aS ae . 
follows: . ae 
a “ " . . Length of a cutting (cm) — 25 22 19 16 13 f me: 

; #4 Num. of new roots/Individual Oe Leh: ae 0.7, 8.3 6.8 . ‘= i 
2 156 156 153 156 156 | i. 
Hy ~s 4 


_ The stems of 29cm long had 8~11 nodes and the average was just 10, each stem 


- Part of 3cm having one node. So that, in the above table, as the unit of length © a *: 


eo Vik Sale esto 
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3cm was taken. From this experiment it was known that the amount of new 
roots in the cuttings of 13~25cm long is proportional to the length of the cuttings. 


DISCUSSION 


When the electric circuit in the glass cylinder filled with water is closed, its 
resistance is 35.7K2 (100V/28mA). But when the cuttings are immersed in the 


_ water its resistance lessens to 28.5K@. If this decrease of resistance is due -to the 


change of nature of water in the cylinder, this value will be kept after the samples 
are taken out. When the cuttinys are taken out of water the resistance ascends 
to 34.4K2 which is very near to the initial. This fact proves that the Salzx cutt- 
ings have more conductivity than water. This agrees with Cholodny and Sankewitsch 
(3), though not with Koch (11). Therefore this apparatus is available to examine 
the effect of current through the plant body. The present authors got similar 
results as Watanabe and Ito (20): @e rooting is better when the current is on, and 


when it is plus at the base. Hartmann (9) does not recognize the electric polar 
transport of hormone in plant organ. The increase of growth caused by electricity - 


is explained by Bonner (1) as the result of the activation of reserved growth 
hormone, and by Strugger (18) as cataphoresis of common cation. If auxin, which 
induces sprouting, is made by applied current to accumulate on the cut end of an 
electrified stem, the variation of sprouting ought to happen. But no variation was 


found (Fig. 1 & Fig. 2. B). The fact that rooting is effected by heteroauxin, Cooper 
(6) assumes, is due to the accelerated transport of root-inducing-substance “ Rhi- 


_ zocaline” and not to auxin. If electric current influences the transport of rhizocaline 


like heteroauxin does, and if it has nothing to do with the transport of natural 
auxin, electric current, causing the acceleration of transport of rhizocaline, will 


stimulate rooting and not sprouting as shown in the experiments of the authors. 


Cooper’s treatment of heteroauxin is limited to the basal part of cuttings, whereas 
the treatment of electric current is applied to the whole parts, so its acceleration 


effect on downward movement of rhizocaline may evenly remain in the plasm of 


the whole stem, although the rhizocaline amount contained in each part may change 


as time elapses. The authors affirmed that the rooting occurs proportionally to the 
body length in number, z.c. is proportional to the amount of root-inducing-substance 
in body parts. If in electrified test samples the downward transport of rhizocaline 
is more accelerated than the control, the potentiality of rooting may be stronger in. 


-any portion of the test ones than those of the control. This assumption has been 


proved by the experiments. There should not be any difference of rooting poten- 


tiality among the portions cut in the same length immediately after electrifying. Of 


the two portions of the same the length which were cut 1 hour after electrifying the 
lower portion has larger rooting potentiality than the upper portion. The difference of 
the potentiality of rooting between the two portions cut 60 hours after electrifying, 
is larger than that of the above two examples. These results can be explained 


— 
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easily if the downward transport of rhizocaline is proportional to the length of the 
period between electrifying and separation. ‘This time relation to rooting potentiality 
is also recognized in the same manner in the control which has not been electrified. 
But the observed value of deviation of rooting is larger in the test samples than 
in the controls. This ascertains above assumption, and also shows that although 
the electrifying is done by the temporary current, its effect remains as an after 
effect on rhizocaline or on plasm. Besides electric current Watanabe and Ito applied 
a-naphthalene acetic acid which also accelerated rooting, and if they were applied 
together they gave additional effect. The present authors think that their result 
may also be explained by Cooper’s theory. The previous work by the present 
authors (8) on etiolation of Hydrilla shows that electric stimulus and heteroauxin 
give no effect on rooting. This result is not consistent with the present investigation, 
because the etiolated plant has no rhizocaline, which limits rooting of plants under 
the lightless condition. | 


CONCLUSION 


The acceleration of rooting of Salix cuttings effected by temporary direct current 
may be reasonably explained by Cooper’s rhizocaline theory which tells that the 
stimulation induces the speedy accumulation of root forming substance, rhizocaline, 
on the cut end. Electrifying and heteroauxin equally serve as stimulus on rooting | 
but in their manners the former is different from the latter as follows: 1) Stimula- 


tion equally affects all portions of the plant body, and it remains as an after effect. — 


2) Electric stimulation is somewhat ruled by its polarity: the current from cut end 


to apex is more effective that the opposite. 


Literature cited 


1) Bonner. J.: Protoplasma 21: 406-423. 1934. 2) Brauner, L. and Bunning, E.: Ber d. 
bot. Ges. 48 : 470-476. 1930. 3) Cholodny, N. G. & Sankewitsch, E.Ch.: Plant Physiol. 12: 385- 
408. 1937. 4) Clark, W.G.: Plant Physiol. 12: 737-754, 1937. 5) ———: Plant Physiol. 13; 
529-552, 1938. 6) Cooper, W.C.: Plant Physiol. 11: 779-793. 1936, 7) Dolk, H.E.: Diss. 


Utrecht. 1930. 8) Fukuda, Y., Takaoki, T. & Fujita, T.: Jour. Sci. Hiroshima Univ., ‘Series B. 3 et 


2, 6: 105-126. 1952. 9) Hartmann, H.: Beitrage Biol. Pflinzen 19: 287-333. 1932. 10) Kinoshita, 
S.: Bot. Mag. Tokyo. 63: 83-89. 1939.. 11) Koch, K.: Planta 22: 190-220. 1934. 12) Kogl, F.: 
Angew. Chem. 46: 469 473. 1933. 13) Kosuge, S.: Bot. Mag. Tokyo, 47: 589-601, 640 656. -1933. 
14) Rehm, W.S.: Plant Physiol. 14: 359-363..1939. 15) Schrank, A.R.: Jour. Cell & Comp. 
Physiol. 31: 1-6. 1949. 16) -———: Plant Physiol. 25: 583-593. 1950, 17) Shibata, K. & Shi- 
buzawa, M.: Jour. Inst. Electrical Engineers Japan. 52: 618-625. 1932. 18 Strugger, S.: Jahrb. 
wiss. Bot. 79: 406-471. 1934. 19) Thimman, K. & Went, F. W.: Proc. Akad. Wetensch. Amster- 
dam 37. 1935. 20) Watanabe, I. & Ito, K.: Monthly Report of the Electr. Power Technic. Inst. 
Tokyo. tes No. 2. 91-96. 21) Went, F.W.: Jahrb. wiss. Bot. 76: 528-557. 1932. 


" - Noe if . a Sad 4 


am 


OAS aa 


Studies on the Asiatic Charophyta III.” 


Vee, 
Verte 


By Kozo IMAHORI** 


e 

a AMR: HTB ie TL 

i 

Py. " ‘Received July 2, 1953 

aS oa 
2 - § Two species of Nitella which produce an accessory fertile branch at the first 
= furcation of branchlet. | 
SS So far as the investigation made by the author is concerned, Nitella microcarpa — 


from Surinam and WN. flagellifera from Saharanpur only have these proliferous 
character, i.e. the production of fertile branches at the furcations of branchlets. 
ee Recently, he has collected two kinds of plants with outstanding character and dis- 
covered that one of them is N. flagellifera which has been the endemic to India 
“anid the other is a new species which he calls Nitella Tuyamae. 
F 5 Nitella flagellifera Groves & Allen in Journ. Bot., 65, 1927, p.337; G.O. Allen 
in Journ. Ind, Bot. Soe. 7, 1928, ‘p.59, pl. 4; Zaneveld in Blumea 4, 1940, p.81. 
_ Plants monoecious, green to dark green, 20~30cm high. Stem moderately stout, 
ag ~ 300~500 f# in diameter; internodes in the lower parts 2~3-times and in the upper 
E ‘ Lae as long as the branchlets, Fertile and sterile branchlets similar, 3-times 
_ furcate ; dactyls uniformly bicellular, elongated. Occasionally an accessory fertile 
branch which furcate 2~3-times, produced at the first furcation of branchlets. 2 
= and 6 gametangia produced together at the second and third furcations, not at the 
; E ee Antheridia terminal, 230~250 « in diameter. Oogonia solitary, 500~600 » long 
. by 400 » broad, with 9 spiral convolutions. Oospores brown to dark brown, 300~ 
* 330 # long, 250~300 » broad with 6 ridges; membrane reticulate. 
Nom. Jap.: Chinpin-hurasumo. 
5 “Hab.: in ponds, pH. 6.8. ‘ies — : 
* Loc.: : in Honshu—Prov. Noto; Tokuda, Nanao City, Sept. 10, 1948, K. I. No. 1013 p 
= ss5——PYOV. Ettyu; Hukumitsu-cho, Tonami-gun, Aug. 8, 1948, K.I. No. 611—Prov. Ya- 
i mashiro; Kyoto, Aug. 20, 1948, K.I. No. 611—Prov. Yamashiro; Kyoto, Aug. 20. 1948, 
leg. K. Kubota, K.1. No. 601. Bie 
re Distr.: Asia (India—Gangetic Plain), new oe Japan. — rae 
It is the most remarkable characteristic of Nétella flagellifera that it has acces- — 
per branches which are very small and produced at the first furcation. These - z 
_ accessory branches are found in only a few species, viz. PAA Silay microcarpa and N. 


x Contribution from the Laboratory of Systematic Botany of the Faculty of Seen Kanazawa 
_ University, No. 14. 
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_ Tuyamae. But the present species differs from these by the elongated and bicellular 
dactyls, rather large oogonia and oospores, and reticulate oospore-membrane. 


ar 
3 Since Dr. G,O. Allen first described this species in India, no one has been able 34 
2 to collect the plant of this species. It is very interesting that such uncommon and ae 
rare specim2ns were detected in several ponds in the far distant district, 37°N, + 
Japan. By 
Epis 
E ia 
4 > 
; ee 
& 
a 
3 : a 
z ae 
j aa 
g A 
“ee 
: Fig. 3. Accessory branches. (1 & 2, Nitella flagellifera . * 
7 Gr. et All. 3 & 4, Nitella Tuyamae Imah.) 2 ee 
Risoee 
: 1. Fertile branchlet, with an accessory branch at the primary furca- eo oe 
‘s tion, x3. 2. Accessory branch, enlarged, x15. 3. Accessory branch, 2 ieee 
4 produced at the base of a whorl of branchlets, x30. 4. Accessory eet ‘ake 
y branch produced at the first furcation of a branchlet, x 30. * Sa 
j es 
ae é Fs . rr) a 
_ Nitella Tuyamae Imahori sp. nov. aS 
Planta monoecia, 10~20cm alta, claro-viridis, diaphana. Caulis tenuis, 260~300 Bae 3 
crassus; internodia quam ramuli 1~3-plo longiora. Verticilli fertiles et steriles a 
similes, 3~4-tim furcati; radii primarii fere dimidium longitudinis totius ramu- 
x” _lorum attingentes, 120~1404 crassus; radii secundarii 6~7; radii tertii 4~5; radii _ ‘: 
z e  quaternii 2~3, quorum 1 saepe iterum in radiis 2~4-quintis furcati; dactyli 2~4, ee Y 
1 semper 2-cellulati, cellula ultima 40~80 longa et basi 16~22m lata. Verticilli en 
: ae a 
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superioribus et ad nodum primarium frequenter ramulos accessores et fertiles 
portantes; ramuli accessori parva, ad basi verticillorum 7~8 aggregata, ad nodum 
primarium solitari; radii primarii 1/3~1/4 totius longitudinis ramulis; radii sec- 
undarii 3—4; radii terti 2~3; dactyli 2-cellulati. 

2 et 8 gametangia ad nodos secundarii et tertii ramulorum ordinarium, et ad 
omnibus nodos ramulorum accessorium, plerumque solitaria. Antheridia 200~220 ~ 
diametro, brevistipitata. Oogonia 500~530 longa et 300~330y lata, cellulis spiralibus 
8: coronula parva, 15 » alta et basi 50m lata. Oospora brunnea, 280~300y longa et 
250~:80 » lata; striis alatis 7; membrana dense granulata. 

Nom. Jap.: Tuyama-hurasumo. 

Hab.: in ponds, pH 8.0, growing with Nitella Saitoiana. 

Loc.: in Honshu—Prov. Inaba; Hase, Yamato-mura, Aug. 23, 1951, K.I. No. 838. 

Distr.; endemic to Japan. 

The most remarkable characteristic of this species is the accessory branchlets, 
which are produced not only at the base of whorls but also at the first furcations 


- of the branchlets, and by this characteristic the present species is easily distinguish- 


able from the all other resembling species which belong to the section “ Hetero- 
clemae”. The new name is chosen to express the author’s thanks to Dr. T. Tuyama, 


oe who gave me kind advice and criticism. 
8 On the species “ Nitella laxa T.F. Allen”? 


Dr. T.F. Allen established Nétella laxa as an independent species. He distingui- 
shed N. laxa from N. flexilis only by the larger habit and grumous membrane of 


‘4 _ oospores of the former. But the decoration of oospore membrane shows no difference 
Be between these plants, because, though those membrane of Nitella flexilis seem quite 


smooth, the outer opaque layer conceals the inner grumous layer. Consequently, 


there is no doubt that N. laxa must be identified with N. flexilis var. longifolia. 


Nitella flexilis gece? in Syst. Alg. 1824, p.124; Imahori in Sci. ro Kanaz. 
Univ. 1, 1951, p. 210. 


var. longifolia Braun apud Migula in Rabenhorst. Krypt.-Fl. Deutchl. ed. 2, 


k ; Characeen, 1897, p. 137; ibid., in Hedwigia 70, 1930, p.211; Wood in Farlowia 3, 1948, 


p. 349. 
Syn. Nitella laxa Allen in Bull. Torrey Bot. Club, 23, 1896, p: 533 (fide inane 


; Makino in Journ. Jap. Bot. 6, 1929, pp. 373, 379, 380. 


Plants 30~40cm high, very flexible and translucent, bright green. Stem stouter 
than typical form, ca. 500~800 in diameter: internodes as long as to 2/3 the 
length of branchlets. Fertile and sterile branchlets similar, 6~8 in a whorl, once 
divided. Dactyls 1~3, 1/3~1/4 the length of the primary rays, at the i a abruptly 
‘pointed. 

_ Antheridia and oogonia produced together. Antheridia 400~500 pe in aimee 
Oogonia solitary or geminate, 700~800 u long, 580~620 b wide with 8~9 spiral con- 
volutions. Oospore dark brown to black, 450 ~ 600 & long, 400~500 u wide with 6 


a _ 
=e 


=e Ss 


E Sept.—Oct. 1953 Bot. Mag. Tokyo, Vol. 66, No. 783—784 219 


prominent ridges; membrane quite similar to that of typical form. 
Nom. Jap.: Oh-hurasumo. 


Hab.: in ponds and swamps, pH 65~7.1, occasionally growing with WNitella 


furcata. 
Loc.: in Hokkaido—Prov. Kushiro? Hamanaka-mura, Sept. 29, 1951, K.I. Nos. 989 990. 
in Honshu—Prov. Rikuzen; Takadate-mura, Natori-gun, Nov. 10, 1950, 
K.I. No. 783—Prov. Kaga; Kasadani-mura, Kahoku-gun, Oct. 12, 1917, K.I. No. 530 — 
Prov. Inaba; Hase, Yamato-mura. Aug. 23, 1951, K.I. No. 936—Prov. Yamashiro; 
Yakushiji pond, Kyoto (by Allen 1896)—Prov. Bizen; Gokan (by Migula, 1930). 
in Kyushu—Prov. Bungo; Marunuma, Imazu, Shimoge-gun, Aug. 14, 1951, 


*K.I. No. 848. 


Distr.: Asia, Europe, North America. 

The variety of this. plant is distinguished from the typical form by the elongated 
branchlets, larger, stouter habit and its bright greenish color. The plant generally 
grows so abundantly as to give a bushy appearance in the fields. 

§ A new species “ Nitella Allenii”’. : : 

' Since Dr. T.F. Allen had described a plant as “ Nitella subglomerata var. japo- 
nica”, no one has been able to recollect or redescribed this plant, the author was 
lucky enough to detect and study this alga, and detected that the plant must be an. 
independent species. 

Nitella Allenii Imahori, sp. nov. 


Syn. Nitella subglomerata A. Braun var. japonica Allen in Bull. Torrey Bot. 


Club, 22, 1895, p.69; Makino in Journ. Jap. Bot. 6, 1929, p.373. Jap. 


Planta monoecia, 15~25cm alta, zonatim ‘incrustata, obsucuriviridis. Caulis — 


flexilis, 0.4~0.5mm diametro; internodia et ramuli vulgo aequilonga. Verticilli 


fertiles quam steriles paulum breviores, plus minus congesti. Verticillorum ramuli 


steriles 6~8, 15~2cm longi, duplicato furcati; radii primarii 3/5 totius longitudinis — 


ramulorum ; radii secundarii 4~5; radii tertiarit 2~3. Verticillorum ramuli fertiles 


6, gymnocephali, duplicato furcati; radii primarii 1/2 totius longitudinis ramulorum ; 


radii secundarii 3~4; radii tertiarii 2~3. Dactyli ramulorum sterilium eis fertilium —_ 


similes, semper unicellulati, acuminati. 

Q et 6 gametangia ad nodos omnes. Antheridia terminalia, ca. 200 ~ diametro. 
Oogonia plerumque aggregata, parva, constanter 260~270 w longa, 210~220 y lata, 
cellulis spiralibus 7, apices versus elongatis; coronula delapsa, 35 alta, ad basin 
40 » lata. Oospora subglobosa, atro-brunnea, 200~220 longa, 180~200p lata; 
striis 5, multo alatis; membrana anguloso-reticulata. 

Nom. Jap.: Allen-hurasumo. 

Hab.: in ponds, pH 7.2. 


Loc.: in Honshu—Mikawa; Seishin pond (by Allen, 1895)—Prov. Kii; Kasuga-, 


Qe 


jinja, Ikeda-mura, June 8, 1943, K.I. Nos. 553, 554 (Type specimen No. 553). 
Distr.: endemic to Japan. 


i pe ee 3 ec: ee 
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_ oospores which are very small, with strongly reticulate decoration on their membranes. 


This plant resembles Nitella acuminata var. subglomerata in its appearance, but o 
there are too many and significant differences between them to be identified as the 
same species. The present species has branchlets which regularly twice furcate, and 


It isa very remarkable characteristic of this plant that the dactyls are uni- 
formly 1-celled in spite of twice-furcation of their branchlets. The flanged ridges of 
oospores are also found in those of Niétella acuminata var. subglomerata, though 


_ those ridges of the present species are less in number. The plant which the author _ 
- collected, shows well marked annular incrustations of calcium carbonate. 


§ New locality of Nitella confervacea. 
- Nitella confervacea is distributed widely in Europe ‘and some other continents, | 


Fig. 4. Nitella Allenii Imahori Cf 
1. Plant, x} 2. Young fertile branchlet with antheridia and unripe 
oogonia, x19. 3. Matured fertile branchlet with ripe oogonia, x19. 
A. Coronula, x300 5. A part of a dactyl, x19. 6. Oospore with 
flanged ridges, x75. 7. Reticulate oospore-membrane, x 300. ’ 


ee ee 
‘ 
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but it is a very unusual plant, as is pointed out by Dr. J. Groves. The author 


could collect a specimen of the present species which was growing in a pond in Kyushu. 

Nitella confervacea A. Braun, Consp. Syst. Charac. Europ., 1867, p.2; Braun & 
Nordstedt in Abh. Koen. Akad. Wiss. Berlin, 1882, pp.12, 64; Migula, Die Characeen, 
1890, p. 182; Wood in Bot. Rev. 18, 1952. p. 332. 

Syn. Nitella Nordstedtiana H. & J. Groves in Journ. Bot. 28, 1890, p.67; Wood 
in Farlowia 3, 1948, p. 380. 

Chara batrachosperma Thuiller, accord. to Reichenbach, Iconograph. Bot. 8, 1830, 
p. 794. 

Nitella batrachosperma (Reichenbach) A. Braun, Neue Denkschr. Schweiz. Gesell. 
Naturw. 10 (3), 1847, p.10; Braun & Nordstedt in Abh. Koen. Wiss. Berlin, 1882, 
pp. 12, 66; Migula, Die Charac., 1890, p.184; J. Groves & Bullock-Webster, Brit. 


_ Charoph., 1, 1920, p.124; J. Groves in Journ. Linn. Soc. Bot., 46, 1924, pp.367; G.O. 


Allen in Jonrn. Bombay Nat. Hist. Soc. 30, 1925, p.597 ;. ibid., in Journ. Ind. Bot. Soc., 
7, 1928, p.58; Pal in Journ. Linn. Soc., Bot., 49, 1932, pp. 64, 71; Zaneveld in Blumea 


4, 1940, p.80; Daily in Butler Univ. Bot. Stud. 6, 1944, p.154; Olsen in D. Kgl. ’ 
- Dansk. Vidensk. Selskab, Biol. Skrifter. 3, 1944, p. 40, 


Plants monoecious, graceful, slender and small, up to 5cm high. Internodes 
2~3-times the length of branchlets. Sterile and fertile branchlets similar, 6~8 in a 
whorl, 2~3-times furcate; primary rays half to one third the length of the entire 
branchlets; secondary rays 4~6, shorter than each of the other ray; tertiary rays 


— 3~5, of which 1~2 furcate once more. Dactyls 2~5, elongated, uniformly 2-celled. 


9° and 6 gametangia produced at the first and second furcations, solitary or conjunct, 
occasionally covered with thick mucus crowd. Antheridia 180~22) w in diameter. 
Oogonia solitary, 380~430 m long Cincl. coronula) by 300~330 ~ wide, showing 9~10 
spiral.convolutions; coronula rather small, 30~35 high and 40~45 yu wide. Oospore 


yellowish to dark brown, 270~300, long, 250~270 » wide, with 7~8 prominent ridges ; 


membrane first finely granulate, and later tending to become definitely reticulate. 
Nom. Jap.: Ko-hurasumo. 
Hab.: in ponds, pH 7.4, occasionally growing with Chara Braunii, C. Benthamii 


and rarely with Chara corallina. 


Loc.: in Kyushu—Proy. Chikuzen ; Kasuga-mura, Tsukushi-gun, Aug. 20, 1951, 


K.I. No. 978. 
Distr.: Asia (India, Burma), Europe, North America and Australia, new 1 to Japan. 


The very slender and small habit, remote nodes of branchlets and elongated 


 dactyls give this species a very distinct appearance, and it can never be mistaken for 


any of the other Japanese Nitellae, with the exception of Nitella gracillima. But 


3 this species differs from the N. gracillima by the fertile primary furcations of branch- 


F 
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~ of German specimen, which were described and figured by Dr. W. Migula (1897, p 187). 


“Iets,. larger o spores and finely granulate membranes of oospores. The ridges of 
_ oospore are more flanged than those of the English specimen, but as prominent as those 
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Taro ZINNO: On the relation between the distribution and 
light factors in the polyploidy of Rubus. 
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: 38 1 tr G 
x 5 2 Jet tr L 
3 Rubus palmatoides O. Kuntze 
Pieris japonica D. Don 
_ R. palmatoides O. Kuntze Carpinus carpinoides Makino 
f. : Parabenzoin trilobum Nakai 
: SS 3 je Clerodendron trichotomum Thunb. 
e Ligustrum japonicum Thunb. 
Clethra barbinervis Sieb. et Zucc. 
* Mallotus japonicus Muell. Arg. 
: Benzoin erythrocarpum Rehd. 
3 $81 te LE 
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aS 2 Jet wt ls 
; Rubus Wrightii A. Gray 
j : z Sambucus Sieboldiana Blume 
| R. Wrightit A. Gray Marlea plataniforia Sieb. et Zucc. 
: var. macrophylla Makino 
3 Ie Parabenzoin trilobum Nakai 
Clerodendron trichotomum Thunb. 
- Carpius carpinoides Makino 


Berberis Sieboldii Miq. 
Viburnum dilatatum Thunb. 


55 1 Set % \b. 
5 2 Jet tr L 
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Rubus parvifolius L. 
Miscanthus sinensis Anderss. 
Artemisia vulgaris var. indica Maxim. 
. | Indigofera pseudo-tinctoria Matsum., 
5.4 jg | Scilla chinensis Benth 

5 Commelina communis L. 
Lespedeza sericea Miq. 
Aster indicus L. 
Rosa multiflora Thunb. 
Artemisia japonica Thunb. 


R. parvifolius L. 
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Bibs phoenicolasius Maxim. 
Rhus javanica L 
Rubus palmatoides O. Kuntze 
38 3 Je Viburnum erosum Thunb. 
> Millettia japonica A, Gray 
Aralia elata Seem. _ 
Trichosanthes cucumeroides Maxim. 
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Smilax China L. “a 
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ONE pad opmental se NS Ren ee el : 
SS 2 Se 72 L j 
. say | Lindera glauca Blume 
: 3 Parabenzoin trilobum Nakai 
R. pectinellus Maxim. llex crenata Thunb. 
Fraxinus japonica Blume . 
Cornus controversa Hemsley ; 
Lindeva Thunbergii Makino s 
Ma Rubus eroceinielua. Maxim. Ee apie 7 
5 4 Wet Carex sp: 
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Mallotus japonicus Muell. Arg. ; 
#8 2 jet Cycolobalanopsis acuta Oersted . 
Cryptomeria japonica D. Don 3 
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Clerodendron trichotomum Thunb. 4 
R. Buergeri Mia. Cryptomeria japonica D. Don. S 


Aralia elata Seem. 
$6 3B Cinnamomum japonicum Sieb. 
Cyclobalanopsis acuta Oersted 
Ficus erecta Thunb. 
Axucuba japonica Thunb. 
Camellia japonica var. hortensis Makino 
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| OR. Wrightii De 74/100 85 pees deciduous 

2 R. palmatoides 2x 66/ 100 75 er deciduous 
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R. hirsutus os 60/100 TE | 0060/1002 ee eae 
R. Sieboldii 4x 57/100 67 40-50/100 ever green 
R. pectinellus : 6X 32/100 j 38 (35-45/100) ever green 
R. Buergeri 8X 34/100 40 10 -20/100 ever green 
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Résume 


1. The relation-ship between the light factors and the polyploidy in 8 Rubus 
species has been researched by the writer in their growing places in Ehime prefecture. 
The species of Rubus which were used in this research are as follows: R. parvifolius, 
R. Wrightii, R. palmatoides, R. hirsutus, R. phaenicolasius, R. Sieboldit, R. pectinellus 
and R. Buergeri. 

2. The average value of the relative intensity of light at their growing places i is 
as follows: 2X=72/100, 4X=54/100 6X=32/100 and 8X=34/100. Namely, the relative — 
intensity of light of polyploid plants is larger than that of the diploid plants and 
the relative intensity of light decreases according to the duplication of the chromosome 


3.. The polyploid plants of Rubus seem to have got anew the special quality to 
grow well in the shade. The diploid plants are the deciduous, while the polyploid 
plants pass the winter ever green. The polyploid plants which pass the winter 
ever green grow well the shade because the shade controls the transpiration of 
leaves and does not break the balance between the transpiration of leaves and the 
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menzahlen aus Timbuktu. Hereditas. 16: 19-40. 


, 1940. Studies on the significance of polyploidy 4. Oxycoccus. Ibid. 26 : 399-410. 


polyploids. Hereditas 29: 145-163. 


Kalkgebiete Schleswig-Holsteins. Beihefte Bot. Centrable 54, Abt. A, 507. 
Shimotomai, N., 1947. The distribution and polyploidy in plants. Agricultural Synthetic Report, a 
Ser. 1- 182-206. 
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Harufusa NAKANO and KO OKA: Further studies on water absorption by the 
leaves of Lepisorus Thunbergianus (=Polypodium lineare) 


1953 4 5 A 14 L326 
5) = 
BAO—MPES, BATE 9 PEK D ERICA MMOMEe TW, BICATE 13 4p 
FOL BT L, ATE 14 PRC REALE NAMOMACL © HEL, JERS 
[JRO Proceeding) \WUTES. 
VES ODF DATED LC mks STL, SLR VF 2—-AOMEMH EMMIS]! 


3 IL, MOB LOKBOPCAMIGA COAT ZL, SRR CHEE IED 
Di 


LEYS Opals, VER RO HE PHC AR, be yar NGL aRhil, GE 
— ATO, LeINCLEOCHS. 


: 
3 
| 

4 
: 
q 
4 
; 
j 


JFYVIFKSORELEEO BAKA SER 
J * Y/) TOKE (Hydathoden) OMBACRETI, »—N-F > FRU E—) y VOM 
BD, HATE OAR RIE CIN 8 ETI) INCE MBROD D, SRL Cit Zw 
BRRODRMIIERZOORWS Els, HPN ORL DM RILEDNKSPORCH SZ. ; 
NENG YE, FIAD4 YAY YH SHMOMBIN GS LNAI TBD, GE 
DTREEOKED 6 LMOWNEKOPMDGT OND HE TSZOCHOT, BAS ROM 
&, KSEE 28cm OLX MA SLBCPKOTADONZOLEV ULTRAM, HRKTOM 
MUPAOREMIENC HE TAH UTESOCHSS. HATS LEMMMOMNR, EO 
KEHOrYF 2 (Epithem) ORCMCKOMBEMMORIK BBA 6N32%, Kurt (Beih. 
b.C. 1929) D247 YA BMMOKBCAKRC, Hees nS HEDEDD 2D CHAK 
OABEHEDLHD HHO OCHS & Io a 
BP Fy SOMMML, BOM, RATER UE CHADD 
AE LCE SOC, UAE OROKIED SEL UTHER BD LBAIUE, BRORBS Sit 3 
C—-NAI SH, HPWOLRHOMERERS MSHS, RIL Rind 240 
MP CBAU LALA) VAOTEFLMOGPNEPMSNZOC, ELH se v/7 7 P. 
— aureum OBAPOKBROG DNS LRT L, HMLUKROPMESBAGH, ULA 
BE) VAOKEIEOEA DHA GNSDCHS0MBB? FYI TCRCUMOMAC 
— ELIOT E, HAE EABLET ELAM LE, WSSHEPABRERRL 


re ys 


i 1) ota the Remarkable Powers of Water Absorption by the Leaves of Polypodium lineare Th., 
e with special reference to the Ecology of this Plant. Harufusa NAKANO, D. Sc., Tokyo Imperial 
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ZN KS. bi “MRO & { Kir LUO 2 F 2 F DW KOVED 1 thie BNE Lichen. 
CHD, (Nt Md THAME LOCH SZOBRS, 


RO RKERORKE OLY 


7 HYITIEKDER MSCS BUYS YD, LIM ORDBRS (UL CH BLE 
PERE LUED, FURS ORR LHR LTS, SL CMOBARGENIOR 
CATER AOU ONE 6ATLO LOIS eMC 3 2 Late A Oh Ba HR a 
ap Re erg ae ves eae 
FOODS 8 OMOMNMTR I 7 FT TRILD, OWE OHNE Ale 
ARHEL AYE O KITTEL, ABEOIRE 7 & YD Le D BAGRLNOKOFGBUORIC UCHR 
FHL, WRK t=26 AVE) GROLMAUMET 20, BECK CRHOM 
PSP LIMP ate 2 EDIEASLONSZOCEIT, 7 FY 7 TOROWKIIERMRIBRO 
PERS Rat Ss ee 
ILE] OER LH DID CH So fa 
KBE AD LID CH SPP LOK PILMORRUAOU TCHS, (ALAR 
ASS D TSCM CHM AORTA OE ILIAD ERR ORD, BECO 
URUK EMED SEAN FID TUME (RIBS INO CRED LMS o | 
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AIMBECD D, BOA SEMA EBON GHKUT, FKDEKOAMG 2 MOUS 
SRDS, LETS FV) TOKBMISHEL RL ICA THRICE HNSEOT 
DAIL I MMmCKIDCHS— 

Polypodium FRAY NOBLENRAT FEIREEC GA BIH OS, Kobe IF CHO BIG eT SC 
LICTETAMEOREDD 2a, TERRE KUO THSDCF? % Y7 TIM TE 
OW ERNICAUTILE 50 : 4 

Lote dts ORM OMALILD, ALRITE GRAME), KEZeAR 
ESI SILO GE) 2—-4APER LAA OEREERABEORDIULLLTAL, BD 
KWH DMR 100°C [CHERL, BEER L, LP CGKREHL, ZOE — 
ERITH SMH LK 


We A at ie) Ha Wet 57 PE ae SKE KARE 
N-tyvbh wNmteyvh 
366mg 141mg 61% 106 mg 257 mg 87% , 
255 91 64 79 176 93 ae 
494, 145 71 egl19, 375 93 
113 51 55 49 64 97 
637 254 60 217 420 91 
541 188 65 152 389 91 
396 169 57 143 253 90 
471 229 51 187 284 85 
ay 60 91 


—DEKKRZL IS VI T, KENCSKUKLORREERERO 71% EEK KD WOR 
LBSCEBH CNS, HIS IL, UE 71% DAMA E DKS AS ERMA LAEW 
Dy, WORICHK D Bee ALIRO RENE A 5 O CHEM EDU CHAD 5 L, MRA SILPAE KE 
DIMEN EAU BOOT, FEA WOR CIA SL UTHER A BSE. GE 
Kem D 6 HES Sb WAS (mS), 

BT OCB) FY7 TREO 60% AYOKEKOCE RIREKRT LLY, MPs 
1 FAOK EINE) MARIE RRO ED ON, ZeTEROMLIUMT SL, BAK 
GH UTHA ETE ROWERALDLERKED 20~50% D7kstPROTELHKARWLS 
WUESS, BAX VISEZIRHEERMEAWED YD, ROTZIBS LL SaBsrbn, F 
ILIA MICE SNS LOMDVBWS SCI + V7 TRMEORA het ST 
ZDCHSZ.~ 


Summary 


A preliminary information on this subject was made by Nakano, one of the 
present authors, at the session of the 111 Pan-Pacific Science Congress in 1926. 

Our present paper aims to demonstrate the previous information gravimetrically, _ 
for it was merely based on qualitative observations. For this purpose a tortion 


j 


balance as well as a vaselining device was used. The results obtained here are 


summarized as follows: Pe 
1. The hydathodes of our fern in question exhibit, so far our observations and i 


reriments ¢ Concern, no sign of exudation, correspondingly it seems, that it func- fe 
ions exclusively as an absorbing organ. si 
: 2. The fern endures its arid state, sometimes even diminution more than 90% 
of its water content, one month long without showing any indication of damage. 
3. The water absorption by the roots of our fern is far less than that by its 

3 leaves, and it is quite insufficient by the former only, to balance water deficiency 
~ of an arid leaf in nature. 

a 4. By the aid of a gravimetric method, it was distinctly proved, that the water 
~ absorption by the leaves of fern depends mainly on the participation of hydathodes, — 
scattered over their upper surfaces, and though in far less degree on that of or- 
4 dinary epidermis. 
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Bee Shigeru YAMAMOTO, Akiko ERITATE, Tomoo MIWA: Urea Formation in Higher Fungi. 
: [1] Urea content and arginase activity 
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1923 “fy N.N. Iwanoff (1), 1922 412 A. Goris £ P. Costy # (2) i, ACene. 
PPI KD, BANK D, REORALMORI LOTHSLH SR, MARORRE ERLE 
— TOZHRRELTW SR, Inet 2KIN TFT YERaTD S6AKSNSCH4A5 EEWUT J 
WZ DACE OA RANT OW TSH BNE SAUTWHEW 9 

— eels, 1932 4c HLA. Krebs aeeitt 7 > t= 7 SRUMRERON MOT 
RIEL, 7 Yt aT SIA CRADWRSINKOLBRL G), AO CAMPER ONBT 
PAV VPADUMAKSRLBIALTOS (6)o SINC RO THM ZOD H. Borsook, KU 
Ey W. Dubnoft (7), P.P. Cohen 4# (8), S. Ratner 4¢ (9), X Rittenberg (3) SC Ek Ble 
mon, 208% EBA payer vA ness oF (OMSK, MBIT S26 ee DIR 
SAUD PAN 7x IK REPRO AN IRI S A-OK : 
Ties ah CRARERD SURGET OWI DROM BETH NS BO L MBM MeAle q 
ROTHDNSDRVUEA ( ROKWMPES LOCH SORBENT SMELIC, EPH 
— - £UT Iwanoff Opt~eIAL, RHLEA ray rd 1 PrP OARETONTWSE 
OL FREBNRT XP —-LORERIMSNIOT, MGW CRS RTH EMONTHE 
DI WEFT SHAS AOK. a 
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pi. Piddrolus ostreatus & 54 pare ie tt ees DBMS TCA GE 2 RRR OMBRRE ia a 
ACFE OI Lite RRR CHR MN LAAT OERSRET 40-50 SEL HS 
DCBS. Bi 
em | Psalliota campestris 2 5 2 FILE IO MEU HERA TLOMI & D eno 
| CRIB L ICO RH 2~3.em Ole & OAM SUH 
a, Collybia vertipes FAA (EACMPATAMTO VBE eH k At wax HEED Lo 
Cortinellus shiitake vy 1 RF OWRTWO tO xtEH UK, - Be a 
ng Lycoperdon gemmatum *IYAAD F472, Hypholomia Sidbieatare Sot 2Ua FS : 
_ -Hypholomia sublateritum 79 44, Amanita bhalloides APTDPFVIA pars 106 1 10. 
—ASVREUNC AS CHE UIP B 3 0 oS: 
| Fae 2 BORE = DKA Lekar ease ory ae 2 
b DBT ; rate 
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«RRR ROM GE: — HAD 7 aLANO ke MAT, PEC CREO w 5 2B 
MELE ASR CHD ORL, 3000 AMET 10 IN BEOSNME Ue ERC MCR Ok b 
FCA RO OMEL I LBZ ALT, FA + AOD UT— LICE DRM RE LOEB 
 ® Kjeldahl N RUBE F SIE CRU Ko 

JT V¥F — EUEPEBED MMSE > —— 4 7 2 BAPE OIE LEIA OEUK a REMC 
BEND U Fea & RRO GEC 7 v8 — EMRIs FO VERE 7 0 ¥ = 2 
MAR IEP LL, RS CE UR OU 7 — EUS & DE LCRA ENS 
_ Kjeldahl-N (31 UC# Lko 


ié BR 

RRR 
BLERTE SCH? 2 OPEN MNS KOTHMOBSMLGNSB, BO SpE O RR 

 -N LWPAMAN LOI 15% DESWLOTCH 50% CETCHLTOS, LEIAFE 

FRAC 30% OH BEUOK ACEH CHICA 9% FARE L Tb, Ble He Cte TA BSE RIE 

— DDOORIEW 

321. RESARL TAF - VEE 


SAA ee —) mM T*. EPASMA Ne a a le Sh a as Ect . 


ffi Ea Sees ao) a) eg v4 ey 
AYAPERRSE-N | We R-N : 
Pleurotus ostreatus ey eo 30.5 7.02 0:736) «| 
: | P. estreatus) 9.3 0.46 
e P. ostreatus2) 0.0 » <=0.0 0.089 
,. Collybia veltipes FAR a AS 4.09 0.005 
Psalliota campestris »7 27 Ae 1.80 0.080 - 
| Cortinellus shiitake v4 x7 eae 096. |: 2 0079 
4 | Lycoperdon gemmatum *¥ 9% IFx774 34.5 1.48 0.789 
% PL gemmatum) 0.830 
Amanita phalloides  R~ 47 YT RST 36.0 | 0,531 
4 Hypholoma fasciculare =H7VRT 49.2 . 0.206 
wy H. sublateritum PIR 50.8 0.492 | 
z | Bovista nigrescens Teas 
a ‘| Psalliota campestris .39.4~56.0 1.51~6.2 
| B | P. pratensis | 04, 1.6, 0.84 
: | Lycoperdon piriforme 43.8~ 9.1 0.0, 1.1, 4.6 
ee L mar 5.8 
| | L. gemmatum 10.7~6.1 
~ Cortinarius violaceus 0.51 | 
| | ROR 0.776 
2 [eae wig ORI 


RMI: — Wo Aa 1cc, 10% + 2+ 30% Fr 3A-AYR cc, N/10 BBR BR - 
PH. 7.0 1cc. 38°C. JQiSRFI—2 BSL. 

FAS VIPERA TE: BSE 1.5ce KS 1 A, <OMMORMHAA I Liat, 
HEBER: IRE-N/TERUE-N/fi¥0 

1) AM OFR A 62) RK 3) WT RRO TRI 

Rohs 7 = MIOFIK ES 


wry Wyre 
236 fi ti % RM HR 66 B 783-7843 mA 28 i 9-10 A 


REROWMBEN (CNT BIEL VME WT SILL OMDOHLEETETUACOL,  * 
7 ADRS ZL SRECHYOETH ONSEDG6THS. $F 


JT V¥EF— VRP : 
it 7 Et — LOE HL 1 RO 
q0 Tit adet ES ie BE LiekEDTRULK. HRO A 


OFF Wt LF ACADI NX F— LE * 
e+ 7 3 & ARR OPEC We Ur 

a, R11 ROM LORS’ FS 

SOFRARCE AO FEL EE 
Ofizval, MO? ARKO 
DF ASCA LIMO fie LOTUS, 
TUEF—LCOBRB MCE ISS 
OUT & MARFA LERL, 
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t's’ dite 


20); WY GANCAKW fle AL TWSe +7 

| F 2 Off Fi dn (Mo KOCTF m¥F—¥ 

10 F RINKS ENSBREPBRSB, BH 

PANO MH RRO OTC RIKAO 

KEN ey BBM ST SHEE L UTRUK. 
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YEE y, fegead ee ey e 


-@-@ FB 
Rsk N BAH 0.62 mg 
“A—A- =e 9 Re (FH K) 
irs N Batt 0.96 mg 
-O-O- 22+ CFR) 


1 
ee 


Ml 7r¥#>- VRE 


24 | Kise N Baht 120mg — 

; “-xX—xX- Le FIRS (BRK) , 

fe Seis N Brit L63mg 

h, ~O-O0- Fe? Fried : 

usw N SAE 195mg — 

6 RIDA I 7 AE = YT «1.66 x 10-2 | 

M, PH 9.0 » 9 » > RHE 1.66% 10-1 M. 

Cush ORABIR IE) BESOR 15 cc. MsHe 

12 AEB 3.0 ce. MEME N BAM LA 38°C 

Bl 2 wil vee 

- g -A-A- © oR (F3EK) 4 

=K=xX= LDRD CR) Pa 

(, -O-0- 22> GREK) 

RBA: 7 = y HENRI 1.66 10-2 

TReN\ M; 79 +> Rik pH Eid 1.66x 10-1 — 

10° M. (wn ORAURIE) BEE 1.50. KR 

“ 80 85.90 95 100 105 SHEKEL 3.0 cc. 38°C. KISMEIN 92>, 
—— PH | ze 


c7a> (Bibs) 2 WS. ea a> GE 
2 7r#r-—-€ pH YAMA tK) 30 3. Nc fe Se ier . 


Cia Giri (ARSE) 
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Juve F—xX pH PERE 


7) y vPMM NW pH % 0.5 PARCEL TIE LIT eet —¥ pH FePEHEMA WEE 
BL 2 CRTRTHS, EFAS, NGFAFOFRAL 8.9 MIC pH athlon, ee 54 
J OD iaiGh C & SMPRERIRW DE (AUK 8.9 URS NTWS, 


= & 


REED 7 ARID FRANCO CHA DF DE UCHR RIAA AAAS K DTH D 
BUC ROT SD, Bore lk EERO-LRM BETS. hE GAT TCASESI 
FRO KABA EOTPER LW MEDL FNS. LI GORMPIRARICIS CT Iwanoff (1) 
DERE METH 3B, ’ 

MS FEA DEP DC Z OWEUCHA TBC DH SLBAGHZOTC, WPS UT 
DRAB SO BANAPOTK & BAALR AT BIS, RRC OSERAANI A Cie BE 
BEM LOLLPHWSNS, EFAFOMAFRACAAKSROREOGES ZOK, 
MIE LAV ONBRO TW S MRS MM L FRA L OBRRHORIE MODS LR 
FELOLBdDNS, : 

LOKI BRAR ORBEA KSA LI w¥ IF —KLOMMECOW TLR SH, &F 
BADER LRRD 7 1 EF — LTRS ART RAL F RACHEL CRIN ROTH S (I 
1 RUKH Do VF AFT CEFRAOHN 4 OURS ORE Sh, Ro 
eB ROB WANS 7 ve F — VIGPEREO ER < Te SMe RTM RUS RRL TTR 
SLO SVPCHERMKOD SZ & KLIN LOS LOCH, 

TuPF—-CRRLSECAU LOL UTAH SENTWAORMFMONMCHS SD (4), It 
BOR+ 7 AIM. L ARO CHIT OU THE Lich’, WYSEBURH OW YATESE 
OS SIRE L LUC e FAT OFRALI 
E-EUTW SOK HA SNSHRCHS— 
FF bRISFRACIES TBRAARO SE LCS 
WOCT w¥—- LC ORAEILIT DUS ONE 
KCHS2, BHtAMO-VELTIA#¥ 
F—UEBFE RC LBA S BET SC 
EMBER BRL LOLD LBA GND, 

SA tH SIGPEMLIC OW Tb POY 
EER, CORR Cott, Mn** Of 
MEN Te AD DEL Bie DSR DLS 
CHSEIC, PRT rer oe oNSesk 
«FRI OSD URAL ONERDOK. 
E YEBUAO homogenate (ZH#{L7 ~ €= 9b 7% 
— MASE, REL MPA y ba) ORES 
8 p* Diacetyl dioxime OS (45 LO 


M3 wry ye 


. var Jems Pk — REE 3.75 x 10-2 M, BR 
TE 7 ARAL UT RIBS 6 & KANE GREE pH 7.0 2,5x 1l0-IN; ea 27 


— DUP TSBMPBRS Nie, pike + 7 a MERUE-N 142mg; BERS 4.0 cc, 38°C. 
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DIvVI—LJSM  BWIFCLS SPW GDNALALHSENAOT, RIE ERD Dt 7 a 
CEIV THE PIA ODS BREW LARS 1, RWIS TBS I v7 — ETE 
HEDAVNE DSWAMBUTW SM&MMAW EBA SND ; 
LE DHAAPCSRORED BAS ND HLH L, ERIC RT ve ¥ FEM OF 
HT SERMOKOT, BBCDEHKE ERA Ws YT 17 MEE D RRP WRS OO 
D FAVE 6 : 
$d D ILO DPIC H Hise CIS WE RAR 9 2 > A HUES Toe PIRI ORE! SEG 
4 


 AMAMCNL, RF ae rreHUMbsnise FEA AITO HER, & 72> Oe dott 
AF S OTTER BEE DTIC ONC MEO AFI OWT ELE DOTOREO IE 


CNT PE ANS RHO Ee 2E TS o 


ii = 
YD PEED FRAC OW CREGAE LIME LK. COBRRERRMAMMCEOT 


URAL (BHF 30s RAN/ATHHEN & L-C 9~50% MRF Bo LAMB, HOKE 
Iwano iiiisiz (fl LE ALK-EKU TUS 0 


pe Ss “species, and in some case its relative amount approximated to that of the ox ee a 
ae which had been known as a richest source of arginase. 


EAT SHARAN KOTNS A, SUGAR CNC LMT SETS So 
7 J 3) EEO FMEF—EORBR pH la, 8.9 MILK BS o 


ee fungi was found to contain an appreciable quantity of urea. Its content varied with 
the age of the fruit body, amounting to 9 to 50 per cent in terms of Urea-N/Soluble- _ 
--N.. These values are nearly the same as those obtained by Iwanoff. 


aan > N.N. Iwanoff, Biochem. Z., 136, 1, 9 (1923) ; 143, 1, 62 (1923); 150, 115 (1924); 154, 376 51s). ee 
2) A, Goris and P. Costy, C. r., 175, 539, 998 (1922) E 


‘ 5) H, A, Krebs and K. Henseleit, Klin. woch., 11, 757, 1137 (1932); Z physiol. Sheth 210, 33 asi), os 
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Summary , ; 


1. In agreement with the findings of N.N. Iwanoff, the fruit body of the higher 


2. In higher fungi a marked activity of arginase gould be demonstrated. — 
However the enzyme content fluctuated more or less considerably depending on | 


3. The optimum acidity of the mashroom arginase lies at about pH 8.9. 


a: a ae 


3) C, H, W, Hirs and D. Rittenberg, J. Biol. Chem., 186, 420 (1950) 
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Michiko HIDA: The affinity of Metasequoia to other conifers 
as shown by the form of the tracheid. 
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Metasequoia OBVAB AHA DAM? 9? DOME SNIOOBHSR, = DATA 2 IG 
— RT SBA FOMRRCRS, IK PRA tL OBR BIR LO OIE LO RRR L Il 


BRC, BS, AR TREE UC BBLS NCO SIE, TKWICALO MO Metasequoia 


Nw TEE UO COM 2 FA SHINS BHIVUELFOKLDOCHS., TA, WEEORS low 
TEES ( OME BD SB, MAB KOTHYOXHZKDD V, LoROWE & UCI ARYE 


eeeties So LIU, 
wHaA UA & 


BT HMOSBD 6 1 YERMOM eMC, LOMEICOUTH~, MIS EATMO BE 


DPW AULEROM DAF SRE ORACKE UNO. BRC bILOTHRERICIO TID & 
HDB Deo CH 2 DID, MBSA, vary xIChNee tis, Bees EC 


8 Licg AED 6 POC DOTHHEROKO, HOMMNCKOTESSEERODS 


CL&EBrzGHSZOT, CHEE SMELL (T4SKEHCTHS, MLM PABEANEK 


D 645DL, WEFETHAAUE LIEK, 97 FAY OT va — iNT L 24 WA, 50% 
7 van CRAVE 5 0 WIS LCL, RE LRM elas 1 FRI, SP Ca HM 
WIE GIS GINS CURBILE. MEFORS OME iZar—A2-—wHw, LROFUN 


— F— boa 10 AWD, Ast 100 MOW TWEL, TOWMMMARUE 3 ORR I 


SKE THRIVE OW TU PBE LI & DIS OW CBR LICE, 6, BRALOMIKE, MU 
IRAE, 7 = + RPUCEML A ets Bt, Taxodiaceae Our C hE b BONE ORW.® 24 Oe 


BOW, Wk & HST. 
2 | io ag 
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SHE OM HERD SRBFORS a, FatOKNE UTHENTWSZRE, HO tgs 


CARMI ED, LM, BSC KOTCLALS SS, H, AAC KVOTE LA SNSC LHR 


ot 100 AO KRBACOW THOKLDCHESD 6, HMO E UTHAT EAL Kit 


EW ERS. SHWE LEE, B, MORME 1 RCAF) TCHS. CORZATHS 


Bx, + (Podocarpus Nagi) D 1453p pice Mi < , Araucaria Cunninghamii d* 5287 


= Thke FEVg HRN IK 2000 w WIECH, HOA TCI Podocarpaceae, Cupressaceae (£2 


ie BENTH Taxodiaceae (& 1925~2465 4 D&E DE, 3700 u WED EDEDIOEKNS 
«SLE MHD. BRAY ¥ + + (Sciadopitys verticillata), Taiwania cryptomerioides, 
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RB PRE PE 


BEDS, AFUREAMEOW TRECMASN TOS LOL, SLKHDTHM—-HECMEE 


CENTS ENCIOMCOMAECAMEBIATE ROD, MOA BD FF DARA 


! \ 


i) 


js 66 6 783-7845 RM 2 


x aa 


8 9-10 Bo 


mE (1) * PAREN 
(2) 152 @25fk V 1 WO AH RAE O Sy. e Lemt 


op 


(3) op ASHAMGS, al AICEKUS eB T 


240 fi w + FE we 
od 
1H SEM OKDe OVE 
| we Oe 3 A & FL 
7 : hm 3 8 te @ ) f Pee 
+ 4% Ei hi iy 
“ MERA. ae BEER) Be | HE 
DO HH snk P 
| 
Ginkgoaceae| Ginkgo biloba 1623-3773 | 2698 | 2720 | +510.3 | 1—2 op + 
Taxus cuspidata 1193-2698 | 2160 | 1990 | +3483 | 1>2 op - ; 
Taxaceae 
Torreya nucifera 1408-3128 | 2053 | 2250 | +445.1 i =— 
Podocarp- Podocarpus chinensis 1193-2698 | 1408 | 1740 | 4445.1 |1 fifi 2 + j 
aceae p Nagi 978-2053 | 1408 | 1453 | +2344) 1 - 
Araucari- | Agathis alba 2483-7428 | 5493 | 4944 | + 1036.3) 1—2 al - : 
—  aceae | Aygycaria Cunninghamii 1623-8503 | 5493 | 5287 | +1386.8) 1—2 jalffrcop) — | 
oe Cephalotaxus nana* 763-1623 | 1193 | 1189 | +1556} 1 4 
Abies firma | 1623-4543 | 2483 | 2880 | +767.6| 1 
A. Mayriana 1623-4203 2698 | 2935 | + 632.1 1>2 op : 
Cedrus Deodara* 978-2268 | 1838 | 1700,| +316.1 . 1 ; 
Larix leptolepis 1193-3558 | 2053 | 2100 | +614.9% 1 #f1c 2| op>al 
Picea jezoensis 1838-4418 | 2913 | 3100 | +688.0 Le 
Pinaceae | P. polita* 1193-1838 | 1623 | 1521 | +191.4 | 1>2-| op,al 
zal Pinus densiflora 1193-3773 | 1838 | 2270 | +520.3 1 
PB Thunber gii 1408-3128 | 1838 | 2140 | 4425.7 af 
Pseudolarix Kaempferi* 978-2268 | 1308 | 1510 | +285.9 1 
Pseudotsuga japonica 1308-4203 3128 3000 | +660.1 1 
Tsuga Sieboldii 548-3343 | 1623 | 1625 | +543.9 | 1>2 . 
Athrotaxis selaginoides 1623-3128 | 2483 | 2480 | +320.4 | 1>2 op 
Cryptomeria japonica 1838-3988 | 2913 | 2810 | +5311} 1>2 | op>al 
_ | Cunninghamia lanceolata 1193-3128 | 2053 | 2100 | 4359.1 | 1>2 | op,al 
. Glyptostrobus pensilis 1308-3343 | 2483 | 2360 | +4579 | 1—2 op>al 
Det todinceac Metasequoia glyptostroboides | 2268-4848 3988 3730 | +696.6 | 1-3 op~ 
; Sciadopitys verticillata 1308-3988 | 2053 | 2465 | +713.8| 1>2 | op>al 
Sequoiadendron gigantium 1838-5493 | 4203 | 3787 | +961.1 | 1—2 op | 
Sequoia sempervirens 3343 6998 | 4418 | 4748 | +969.7 | 1—3 | op>al 
Taiwania cryptomeroides 1193-2698 | 2053 | 1925 | +356:9 | 1>2 | op>al 
Taxodium distichum 1308-3558 | 1945 | 2220 | +455.8 | 1>2 op, al 
. _— 
| Chamaecyparis obtusa 1308-2913 | 2053 | 2130 | +316.1 1 | 
ol rath Pag > 
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Summary 


The present report deals with the relationship of Metasequoia and other 
conifers based on the form and length of their tracheids. The results can be sum- 
marized as follows: 

1) Tracheids of Araucariaceae and Taxodiaceae are comparatively longer than 
those of other groups of conifers. : 

2) Taxodiaceae is divided into three groups in respect to the form and length | 
of tracheid as well as to the number of protoxylem in roots. . 

3) In the form and length, tracheids of Metasequota are so similar with those 
of Sequoia and Sequoiadendron that the former cannot be distinguished from the 
latter. It seems, therefore, not to be adequate to separate Metasequoia from Taxo- 
diaceae as a representative of a new family, Matasequoiaceae. 

4) Metasequoia grows up speedily and its tracheids is long, so that its wood 


may be useful for paper-stock. 
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Flower formation of Xanthium canadense under long day 
conditions induced by grafting with long day plants 


By Mitsuro OxuDA* 


RAGES: Ahi OAC LZR AREICwI Str =e 2 OFEAIEM 
Received July 7, 1953 


It has been demonstrated with various plants that the photoperiodic stimulus 
causing initiation of flowers can be transmitted across the graft union, if to a 
photoinduced plant another plant maintained in non-inductive light condition is 

grafted (2,3, 4,5, 6,7,10). Many investigators have shown that the stimulus may be 
transmitted not only intervarietally, interspecifically or intergenerically between 
short day plants but also between plants of different photoperiodic types, for in- 
stance, from long day or indeterminate to short day plants. CAJLACHJAN has reported 
that Helianthus annuus, a Jong day plant, when grafted with Helianthus tuberosus, 


a short day plant, can induce the latter to floral initiation under long day conditions oi 


(3). This is also the case with Nicotiana rustica var. Samsun when grafted on 
Maryland Mammoth tobacco (8,9). On the other hand, it has been reported that 
Biloxi soy bean as receptor plant cannot be induced to initiate flower primordia by 
various varieties of Phaseolus vulgaris and other leguminous plants of long day 
type, whereas: floral initiation may readily be brought about by grafting on it in- 
determinate varieties of soy bean (1). 

As reports with regard to the transmissibility of the stimulus between plants of” 
different photoperiodic types are rather few and conflicting in results, further in- 
vestigations concerning this point are necessary in order to throw more light upon 
the mechanism of photoperiodic responses. 

The present work deals with an investigation of the transmission of the floral 
stimulus from several photoinduced long day plants belonging to Compositae to 
Xanthium canadense**, a representative short day plant, kept under long day con- 

_ ditions. The donor plants used were Erigeron annuus, Rudbeckia bicolor, Centaurea 
: — Cyanus, Tagetes patula, Coreopsis lanceolata, Aster Savatieri and Crysanthemum 
 coronarium var. spatiosum. 

4 Mature fruits of: Xanthium were collected in November and stored at room . 
fe temperature until used. They were planted in pots filled with garden soil from 
: February to March. After the plants had attained a length of about 20cm, they 


Bee grafted with donor plants and transplanted to 10cm pots which were placed in 
eh rar 

on ae * Biological: aiate, Yoshida College, Kyoto University. 

oe For identification of this plant I am indebted to Prof. S. KITAMURA, of the Kyoto University. 
‘ Of ‘north american origin, now growing wild in Japan, it is a typical short day plant. 
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the initiation of flower primordia was observed on receptor plants. In 1950, in 40 


flower primordia among 34 successful grafts. In the last year 7 plants bore flower — 
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a greenhouse. Then they were exposed to natural day light, supplemented from 
5:00p.m. to 8:00 a.m. with artificial light from 40 watt incandescent filament lamps 
hung 80cm above the leaf surface, at 40cm intervals (ca. 250Lux.). Thus the : 
plants received continuous illumination throughout the experiments. { 

Seeds of Rudbeckia, Centaurea, Tagetes and Coreopsis, sown in September have 
been placed in an ordinary greenhouse and exposed to natural day light. In April, — 
when the experiments were started, all plants had been photoinduced under natural : 
or artificial long day and had young head developing. Plants of Erigeron annuus | 
were collected from the field when they were used for grafting. y 

As a donor plant a slightly higher plant than the receptor was selected for the 
approach graft. The stems of two plants were shaved longitudinally to the cambium 
on a stretch 2-3cm long and the two shaved surfaces were bound together with a 
hemp string. As soon as a union of the tissues was established, about 10 days 
after the grafting, the string was removed to avoid eventual effects of girdling and ; 
all leaves of the receptor plants to the youngest ones were removed, because in : 
many plants a defoliated receptor is considered to be more easily affected than a 
receptor with leaves exposed to non-inductive photoperiods. However, as complete 
defoliation has considerably retarded the further development of the receptor, in the 
later experiments a few young expanding leaves were left intact. All flower buds 
produced on donor plants were removed as soon as they appeared. Control plants _ 
were also exposed to continuous light consisting of natural day light and supple- 
mentary artificial light. They were either left intact or had all the leaves taken 
off or had the stem shaved longitudinally to the cambium without grafting or they 
were grafted to non-induced individuals of the same species. The observations were 
continued at least 2 months and a half from the start of the experiments. At the 
end of this period the plants were collected and the apparently veg-tative ones 
were dissected, to make certain that they really had no flower primordia. 


ee = 


The responses of receptor plants will be given separately according to the donor ~ 


plants used. For brevity the main results are summarized in tables. As the control 
plants, treated in a variety of ways as mentioned above, remained strictly vegetative . 


and in all experiments produced no flower primordia, they are summarily represent- 
ed in table 3. 


I. Erigeron annuus as donor (Table I) 


In 1948, 36 grafts were made between May 5 and 14. Among them 12 succeeded 
in uniting, the remaining 24 failed to unite or died in the early stage of the experi-— 
ments. All the receptors of successful grafts produced flower buds. In 1949, 191 a 
grafts were performed from May 13 to June 24. In 63 out of 125 successful gratiees 


ect 


of successful 62 grafts flower initiation occurred. In the next year 14 plants produced 


a’, 


ae 


Bot 


+ 
o 


. Mag. 


, No. 785—786 


Baek, 


Table I. Flowering response of Xanthium grafted with photoinduced Erigeron. — 


Number Percentage of flowering 


s Date of aratting |, Number of | ot towering | Xenhivm in zelation 

ba, : anthium grafts 
a 1948. = May Si 12 12 100 
Re. 1949 Apr. 13 9 3 33.3 
2 d 29 10 10. 100 
Be May me i 3 3 100 
Z 12 5 5 100 
15 3 3 100 
21 3 3 100 

25 5 4 80.0 - 
Zee | 5 5 100 

Jun. 9 12 8 66.6 

13 preg i 16.7 

15 12 5 41.7 

17 16 4 25.0 

20 13 5 38.5 

2 16 =f 6.3 

24 7 3 24.9 
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8 0 Oo” 
22° a 5 714 
29 8 7 87.5 
May 6 9 8 87.5 
13 8 7 87.5 
i 20 7 6 85.9 
Jun. on 5 3 60.0 
10 4 oe 50.0 
ag 13 | 50.0 
, 24 4 5. 25.0 : 
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mee 0GHe in Apr. |: 15, 


4 2 50.0 

17 4 2 50.0 

~~ May iH A sis 4 26.7 
e 
3 


Fotal - meee Seta, Dee 35.0. . 


~ Sum total 
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x buds though in 20 plants the grafts were successful. The total number of successful ; 
grafts in 5 years amounted to 253. Among them flower initiation took place in 136. _ 
The percentage of receptors initiating flower primordia in relation to the number — 
=. of successful grafts was 53.8. In all the control plants no flower primordia were 
ee observed at the end of the experiments. 


Il. Rudbeckia bicolor as donor (Table II) 


14 grafts were made in 1948. In all 8 successful grafts flower initiation was a 
observed. In 1949 altogether 137 grafts were made. Among them 24 plants either 3 
failed to unite or were lost in the early stage of the experiments. In 35 of the . 
remaining 113 grafts the receptor plants were induced to initiate flower primordia 

| sooner or later. 85 grafts were made in 1950. 55 out of 70 successful grafts came — 
as to flower. 33 grafts were successful and 9 formed flower primordia on the receptors _ 
in 1951. In 1952, the number of plants which produced flower initiation was 14s 
“among 40 grafts completely united. The sum total of successful grafts in 5 years — 
_ was 264 and the percentage of flower initiation in relation to the number of successful 
grafts was 45.8. No flowers were initiated on the control plants in all expen incl = 


Ill. Centaurea Cyanus as donor (Table IID 


_ ‘This combination was made first in 1950. The number of plants which produced — 
ga flower buds were 36 out of 75 grafts performed. 21 grafts failed to unite or died 
es a in the course of the experiments. 22 grafts were successful and 8 of them were : 
on induced to flower in 1951. And, in 1952, 41 grafts succeeded in flowering on receptor 
, : plants, though 141 grafts were ‘perfectly united. The percentage of. flowering 
a? receptors in relation to the number of successful grafts in 3 years was 60.3. 


IV. Experiments with other plants 


In 1949 and 1950 other plants were used as donors. With Tagetes patula 95, 
: ae Y with Coreopsis lanceolata 67, with Aster Savatier? 17 and with Crysanthemum — 
Bi oe coronarium var. shatiosum 13 successful grafts were obtained. In these aie i 
‘ io no flower formation occurred except in the combination with Tagetes, in which only 
fs “one flower bud-like struture was observed, P 
In all 473 control plants used in 5 years, no flower primordia were observed 
: hans when dissected under a binocular microscope at the end of the experiments. 
. = } _ The experiments mentioned above show that Xanthium, a short day plant, ¢ 
_. initiate flower primordia on non-inductive photoperiods under the influence of ee 
_ induced grafts of Erigeron, Rudbeckia and Centaurea. But even in these combiné 

- tions not all ue came to aS In the case of the quickest aes: ‘flo 


ie the slowest case the flower buds became visible only after about 50 “days, ea 
* 

‘3 ae 
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Bim ‘Flowering response of. Xanthium grafted with photoinduced Rudbeckia. 


Number Percentage of flowering | 


oy ‘inoue Number of | é Xanthium in relation to = 
Bide eating | Successful grafts | ah pth tie number of successful 


grafts 


May 5-14 100 


1949 Apr. | 13= 
May “15 

: 21 

25 

; 26 
a oe Pe: 28 
Py Jun. 11 
15 


66.7 
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Total 55 
Apr. 15 1 
¥, 17 2 
May _ 17 4 
: 18 0 

21 2 

Total 9 
Apr. 1 2 
ES A 4 
‘ 16 9 

eee. bOtal 


Sum total 
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Percentage of flowering 


: Number Xanthium in relation to 
Date of) grafting Becoeonted ate te ys number me once ey) 
1950 Apr. 15 3 3 100 
17 6 6 100 
22 6 5 83.3 
May hee 8 8 100 
12 7 5 WLAr 
F 20 7 3 42.9 
27 7 2, 28.6 
Jun. 3 3 A 33.3 
13 4 y 50.0 
25 3 1 - ooue 
Total 54 36 66.7 
1951 Apr. 15 6 2 33.3 
17 s 2 25.0 - 
19 8 4 50.0 
Total 22 8 36.4 
1952 Apr. il 15 11 73.3 
2 10 6 ; 60.0 
4 10 7 70.0 
6 = 10 5 50.0 
9 20 - 12 60.0 
Total 65 ioe At 63.1 
Sum total : 141 85 60.3 
Control 
1948 May 5-14 20 0 nr 
1949 Apr. 13-Jul. 12 143* 0 0 
1950 Apr. 15-Jun. 25 160* 0 0 
1951 Apr. 15-May 22 70* 0 0 
_ 1952 Apr, 1-27 80* 0 0. 
Sum total 473 0 0 


‘ Iucluding grafted and non-grafted plants. Controls are common to all experiments. = 


Pz ie experiments Some plants among the receptors, in spite of a perfect union between ee 

oe the two partners, remained vegetative and did not initiate flower primordia unti te . 
py the end of the experiments. This variation in the responses of the receptors v 4 
probably due to many internal and external factors such as intensity of induct: 
in donor plants, mobility of stimulus and responsibility of the receptors, which « 
have been modified for instance by light, temperature, age of the plants use =x 


In this respect the variations in responsibility in various seasons were striki 
s With the advance of the Season, an apparent tendency toward a decrease of 
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stimulus transmission was noticed. In the experiments started in April and May 
the plants responded more readily than in those conducted in the later season. 
When grafted in July many plants often failed to initiate flower primordia. For 
instance the experiments with Centaurea Cyanus in 1950 show a statistically signifi- 
cant decrease in responses”, Whether the facts are correlated with some meteorol- 
ogical factors such as temperature, light intensity etc. could not be ascertained. 
The receptor plants, if defoliated completely, were considerably inhibited in the 
development and often died. The young developing leaves left intact had a favorable 
effect on further growth. But even in this case the hight of the receptor was 
reduced in comparison with normal plants in the field. They attained a length of 
scarcely 25-35cm. Various abnormalities were observed in the structure of the 
inflorescence and the shape of burs produced-by the receptor plants; the ratio of 


Fig. 1, Inflorescence and fruits of Xanthium canadense produced by receptor 
plants. A, inflorescence produced .on a receptor plant. B, a bur from which the 
achenes stick out. C, a fruit lacking the prickles. D, a fruit, whose prickles are 
stronger and reduced in number compared with the normal bur. E, a normal bur 


-- produced on a field plant. 


a : 1) Iam indebted to Dr. K. KosHIMA for evaluating the results. 
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female inflorescence to male was increased in Sompaninen with the Aeeial plants, — 
and leaflets occurred in male heads (Fig. 1. A). The burs produced were small and. " 
often abnormal in structure. ‘The achenes protruded from the burs (Fig. 1. B). 
The prickles of the burs were completely lacking and the surface of the involucre 
was smooth (Fig. 1. C). Often the prickles were stronger and reduced in number 
compared with the normal bur (Fig. 1. D, E). Seedless fruits were also observed. — 
* It is ‘conceivable that the abnormal fruits produced by the receptor were caused 
= either by an insufficient stimulus from the donor, incomplete nutrition of the receptors — - 
themselves or by inhibitory factors produced by the receptor in non-inductive — 
photoperiods. From the results obtained it may be concluded that the photoperiodic 
stimulus induced in some long day plants can be transmitted to a short day plant — E 
exposed to long photoperiod, thus causing the latter to initiate flower primordia, 3 
' and this stimulus may be the same in plants of both photoperiodic types. 
Su As mentioned above, the transmission of the stimulus could not be observed in 
‘some of the combinations. This is not surprising, as it has been already reported a 
by various authors that different plants differ in the ease with which the flowering _ 
stimulus is transmitted from one photoinduced branch to another non-induced branch 
of the same individual. The induction caused in one branch of Xanthium pensylva- 
_ nicum can be easily transmitted up and down the stem to a branch maintained in 
long photoperiod (5), whereas in soy bean the receptor branch with leaves exposed 
to long photoperiod cannot be affected by an induced donor branch and the stimulus ; 
3 can only be transmitted to the receptor when the latter is completely defoliated (1). 


Summary 


1) In some cases, the flowering stimulus can be transmitted across a graft a 


union. It was possible to stimulate Xanthium to flower initiation under long day 
conditions by graft-uniting it to photoinduced long day plants such as Eyvigeron r 
annuus, Rudbeckia bicolor and Centaurea Cyanus. i 
“es 2) Often abnormal flowers and fruits were produced on the receptor planta 
_ The fruits were smaller than those produced on normal plants in the field and = 

various abnormalities in structure were observed. 
3) Xanthium cannot be caused to initiate flowering by grafting with Tagetes Fe 
~ patula, Aster Savatieri, Coreopsis lanceolata and Crysanthemum coronarium var. 
x spatiosum. ~_ 
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_ diese Substanzen, da sie allgemein angewandt werden, um die Permeabilitatsreihen _ 
- zu bestimmen. 


_ cepa gewahlit. Fiir die Versuchsreihen wurden nur die Zwiebelschuppen der zweiten — 
_ Schicht verwendet, um den Zustand der Protoplasten in jeder Reihe immer in 


Uber den Einfluss von Auxin auf die Stoffpermeabilitat 
des Protoplasmas. 


I. Mitteilung 


von Yoshio MASUDA* 


WHBHE: WIPRORABBECNtS4- Fv yvOPRcHY ct 1 Kh 
Eingegangen am Aug. 24, 1953 


Einleitung 


V. GuTTENBERG, BEYTHIEN und Meinu (51, ’52 a, b) haben gezeigt, dass die — 
Wuchsstoffe auf die Wasser- und Zuckerpermeabilitats verhiltnisse von Rhoeo discolor — 
einen auffalligen Einfluss ausiiben. Sie hielten die Permeabilitat fiir einen Faktor — 
der Zellstreckung. Friiher fasste auch VeLpDsTra (’44) den Gedanken, dass die 
Wuchsstoffe geradezu Regulatoren der Plasmapermeabilitat sind. Andererseits gibt — 


~ es auch Meinungen, die auf die chemische Rolle des Auxins besonderen Wert legen. — | 


Aber es ist jedenfalls von Bedeutung, die Permeabilitatsveranderungen als — 


- Anzeichen der durch das Auxin verursachten Strukturveranderungen - des Proto: — 


plasmas naher zu untersuchen. : 
Im folgenden will ich den Einfluss des Heteroauxins auf die Permeabilitat fir 
Harnstoff und Glyzerin des Protoplasmas von Allium cepa beschreiben. Ich wahlte — 


Material und Methode 


Als Untersuchungsobjekt wurden die Zwiebelschuppenepidermiszellen von Allium — 


rey: 
Ubereinstimmung zu bringen. , = 

_ Diese herausgeschnittenen Zwiebelschuppen von etwa 10 mm. Kantenlange wurden 
in die Phosphatpufferlésung iibertragen, darin etwa 30 Min. lang gebadet und a 


dem Gewebe entliiftet. Dann wurden sie in die gepufferte Lésung von dem z 


RAs: priifenden Heteroauxin tibertragen und darin 1 Stunde gebadet. Diese Behandlunge | 


diente gleichzeitig als “ Wasserung ”, welche die konvexe Plasmolyse leicht her 
fiihrt (Hormeister, ’35). Die Oberflachenepidermisplattchen von etwa 5mm. Kai 2 
tenlange wurden von dem Zwiebelschuppenwiirfel herausgeschnitten, und dab 7 
wurde in acht genommen, dass die mechanische Kraft das Material nicht beeinfit 


* Biologisches Institut, Ehime Universitat, Matsuyama, Japan. 
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© Diese Schhitts: wurden ins Plasmolytikum tibertragen, das dieselbe Konzentration 
: oa Heteroauxins wie bei der Vorbehandlung enthielt. Jedesmal wenn sie mikro- 
skopiert wurden, wurden sie auf einen hohlgeschliffenen Objekttrager mit einigen 
Tropfen des Plasmolytikums getragen, und nach der Messung in die Plasmolyselésung 
zuruckgebracht. 

Die Auswertung der Plasmolyse-Deplasmolyse machte ich nach der von V. 
GUTTENBERG und BryrHieN (51) angewandten Methode, die auf den friiheren 
Angaben von KaAczMAREK (’29) beruht. Alle Zellen eines mikroskopischen Feldes 
wurden ausgezahlt, und die plasmolysierten Zellen in Prozenten der Gesamtzellenzahl 
angegeben. Im Verlaufe der Plasmolyse erreichte ihr Wert mehr als 95, und 
schliesslich belief er sich bei der Deplasmolyse weniger als 5. Der Vergleich des 
Versuchs mit der Kontrolle wurde, nach Dr Haan (35) und V. GurreNBERG und 
BEYTHIEN (’51), durch die Bestimmung des Quotienten aus der Plasmolyse-Deplas- 
molysezeit der Kontrolle=Tk und des Versuches=Tv durchgefiihrt. Ist Tk=Tv, so 
ist der Quotient=1 und so hat die Versuchslésung keine besondere Wirkung. Die 
beschleunigende Wirkung des Stoffes wird durch einen Quotienten, der grosser als 
1 ist, angezeigt, die hemmende durch einen, der kleiner als 1 ist (Tabelle 1). 


Tabelle 1. Der Verlauf der Plasmolyse-Deplasmolyse in der 0.4 Mol. Harnstoffldsung. 
Die plasmolysierten Zellenzahlen werden in Prozenten der 
Gesamtzellen angegeben. 18°C. 


Zeit Behandelt mit 10-7 Mol. H. A. Kontrolle 


10 Min. > 95% > 95% 
130 30.8 
150 22.8 48.6 
“ 170 14.3 30.6 
180 < 5% — 
190 21.2 
200 17Y, 
210 < 5% ' 


Tk/Tv = 210/180 =1.17. 


Es ist allgemein anerkannt, dass die Bedingungen, wie Temperatur, Licht und 
Pe pH, die Permeabilitat auffallig beeinflussen. V. GurrEeNBERG und BEYTHIEN | (51) 
ee stellten mit Rhoeo discolor fest, dass die Temperatur auf die Deplasmolysezeit 
a weitgehenden Einfluss hat, und zwar dass bei 2°C die Protoplasten zerstort werden, 
i. 10°C und 16°C hemmend wirken und etwa 25°C das Optimum ist. Daher versuchte 
3 ich bei 20-25°C von Raumtemperatur, und beobachtete mit dem durch CuSO,-Lésung 

- gefilterten Lichte, um die iiberfliissige Hitze zu vermeiden und das Licht einheitlich 
‘ ou halten. DRAWERT C92), kam zu dem Schlusse, dass bei den Oberepidermiszellen 


2 


ae 


of der. Schuppenblatter von Allium cepa pH 6.5-7.0 das Maximum der Wasserpermea- 


wee 


- +pilitat ist. Friiher zeigte auch SEEMANN (50), dass bei Spirogyra und Cladophora 


>) nee 
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das Maximum der Wasserpermeabilitat etwa bei dem Neutralpunkt liegt. Also 
verwendete ich die Phosphatpufferlésung von pH 6.8, um die Stoffpermeabilitat beim 
Wasserpermeabilitatsmaximum zu prtifen. 

Als Auxin wurde beta-Indolessigsaures Kalium (Heteroauxin: im folgenden mit 


H. A. abgekiirzt) der Firma Takeda verwendet. 


Versuchsergebnisse 


eT oe 


I. Tabelle 1 stellt ein Beispiel der Bestimmungen von Tk, Tv und deren 


— 


Quotienten dar. Hier war die Konzentration der Harnstofflésung 0.4Mol. Die 
Anderungen der Permeabilitat fiir 
Harnstoff durch das H. A. zwischen 
10-2 und 10-9 Mol. werden in Fig. 1 
gestellt. 

Hier bewirkt die H. A.-Konzen- 
tration 10-2 Mol. eine Zerstérung des = 
Protoplasmas. Die Konzentration 
10-3 Mol. bewirkt eine sehr starke 
Permeabilitatshemmung. Bei Zusatz 
von H.A. zwischen 10-4 und 10-8 
Mol. beobachtet man eine steigende 
Forderung der Permeabilitat, und — 
die Konzentration 10-8 Mol. hat die _ 
maximale Wirkung, wahrend die 
= 7 ne = 10-9 Mol. fast wirkungslos bleibt. 
10 10 10 10 (mol) If. Aus diesem Versuch geht 

H. A. Konzentration es klar hervor, dass die Konzentra- 


Fig. 1. Die Abhangigkeit der Permeabilitat fiir tion 10-8 Mol. die Permeabilitat 
Harnstoff von den verschiedenen H. A.-Konzen- 
trationen. :20-25°C. 


stark erhoht und die Konzentration 
10-3 Mol. dieselbe hemmt. Im fol- 
genden also versuchte ich mit den Konzentrationen 40-3 und 10-8 Mol., und als die 
mittlere mit der Konzentration 10-5 Mol. Als Plasmolytikum wurden 0.33 Mol. : 
Harnstoff- und Glyzerinlésungen verwendet (Fig. 2). , 
Auch hier bewirkte die 10-3 Mol. H. A.-Lésung eine starke Hemmung, aber die 
10-8 Mol. eine starke Férderung, und zwar bei dieser Ree eee wird die Per- _ 
meabilitat fiir Glyzerin starker erhoht als fiir Harnstoff. 
Ii. Um das Resultat zu bestiitigen, dass bei Zusatz von 10-8 Mol. H. A. die “i 
Permeabilitat fiir Glyzerin starker als fiir Harnstoff erhoht wird, ist es erforderlich, | 
die osmotisch gleichwertigen Glyzerin- und Harnstoffésungen mit einander zu vers, 
gleichen. 


Die 0.443 und 0.542 Mol. Glyzerinlésungen, die durch die Gefrierpunktsmessungen 3 
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stofflosungen 


wurden, wurden hergestellt. 
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mit 0.450 bzw. 0.550 Mol. Harn- 
isotonisch bestimmt 


Die 


beiden Versuchsfalle (Tabelle 2 A, 
B), die unter verschiedenen Tem- 
peraturen und mit den verschiedenen 


Zwiebeln 


durchgeftihrt 


wurden, 


zeigten, dass die Permeabilitat ftir 
Glyzerin und fiir Harnstoff, trotzdem 


die absoluten Werte der Plasmolyse- 


Deplasmolysezeit 


in jedem Falle 


schwankten, ungefahr gleich war, 
sofern ihre Zellen der H. A.-Wirkung 


nicht ausgesetzt werden. 


Und es 
ist zu bemerken, dass die Permea- 


bilitat fur Glyzerin durch die Be- 
handlung mit 10~§ Mol. H. A. immer 
starker erhoht wird als fiir Harn- 
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H. A. Konzentration 


Fig. 2. Die Abhdngigkeit der Permeabilitat fiir 
Glyzerin und Harnstoff von den verschiedenen 


EO” 


stoff. 
. H. A.-Konzentrationen. 25°C. 
Tabelle 2. A: Der Vergleich der Plasmolyse-Deplasmolysezeiten in 0.443 Mol. 
Glyzerin- und 0.450 Mol. Harnstofflosung B: Derselbe in 
0.542 und 0.550 Mol. 
Ae 
Kontrolle Behandelt mit 10-8 H. A. 
Harnstoff Glyzerin Verhaltnis Harnstoff Glyzerin Verhaltnis 
140 Min. 140 - 1.00 100 80 25, 
70 15} 0.93 60 50 1.20 
90 90 1.00 50 : 40 ARS 
110 110 1.00 
Mittelwert 0.98+0.012 Mittelwert 1.23+0.011 
B. 29-30°C 
Kontrolle Behandelt mit 10-8 H. A 
: Harnetoff Glyzerin Verhaltnis Harnstoff Glyzerin Verhaltnis 
2 ts 120 Min. 120 1.00 185 155 1.19 
ae 160 165 0.96 160 $485 1.19 
i "150 155 0.97 115) 90 1.28 
150 130 let 
} Mittelwert 0.98 0.026 Mittelwert 1.20+0.062 
Ss svc ante ee ec | 
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_ die Plasmolyse-Deplasmolyse bestimmt wird, nicht immer die normale Permeabilitat — 


Sige St 
via «eS 


- CoLLANDER und BARLuUND (’33) ist der Verteilungskoeffizient von Ather: Wasser fiir 


: Lésungsvermégen des Athers oder des Olivenéls das der Plasmaoberflache der hier © 


: x hydrophilen Kolloid gebildet wird, und er erklart auch eine Erhohung der Permea- i 


i Grenzschicht. Wenn ich mich an diese Meinung anschliesse, wird die mit H. Ave 
; Behandlung hervorgerufene starkere Erhéhung der Permeabilitat fiir Glyzerin als 


. Lipoidphase als auf die Eiweissphase erklart. Aber nach meinen Versuchsergebnissen 
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Diskussion 


Nach der Methode der Plasmolyse-Deplasmolyse geht es hervor, dass das H.A. "5 
auf die Stoffpermeabilitat der Zwiebelschuppenepidermiszellen von Allium cepa einen 
grossen Einfluss hat. Auf Grund dieser Ergebnisse will ich weiter den Mechanismus 
in Betracht ziehen, wie das H. A. auf die Permeabilitat wirkt. 

Es ist bekannt, dass die Protoplasmaoberflachen gewissermassen durch die ~ 4 
Plasmolyse beeintrachtigt werden, und dass die Plasmolyse-Permeabilitat, die durch 


darstellen kann (WEBER, 32). Wenn man aber die Permeabilitat fiir verschiedenar- 
tige Substanzen vergleichend priift, so wird die Auffassung betont, dass die Plasmo- | 
lyse-Permeabilitat mit der normalen ziemlich tibereinstimmt (Huser und ScHMIDT, “ 
’34). Da hier die gleichartigen Materialien, die mit oder ohne H.A. behandelt 
werden, miteinander vergleichen werden, kann man.auch die Plasmolyse-Permeabilitat — i 
bis zu einem gewissen Grade als die Anderung der normalen Permeabilitat, wenig- — 
stens die der Protoplasmastruktur, ansehen. ; 

Es gibt zwei Permeabilitatstheorien, d.h. die Poren- und die Lipoidpermeabilitat, 
welche auf Grund der Protoplasmastruktur den Mechanismus des Durchtrittes der © 
Stoffe (hauptsachlich der Nichtelektrolyte) erklaren. Nach den Messungen von 


_ Glyzerin etwas hoéher als der fiir Harnstoff, aber der Verteilungskoeffizient von — 


Olivenol: Wasser ftir diesen ist hoher als fiir jenes. Es ist unbekannt, welchem 


-benutzten Allium-Zellen naher steht. CoLLANDER und BARLUND (’33) meinten, dass — 


der héhere Wert des Harnstoffes gewissermassen auf der Verbindung der Amido- | E 
gruppe desselben mit der freien Fettsaure, die das Olivendl in sich enthalt, beruht. — 
Auf Grund der vergleichenden Permeabilitatsmessungen mit einigen Stoffen sete “a 
ScumMipt (39) eine Erniedrigung der Harnstoffpermeabilitat der in der Trockenkultur — 
gehaltenen Pflanzen durch eine Entquellung der Plasmagrenzschicht, die mit. der. a 


bilitat fiir Glyzerin derselben mit einer Veranderung der Lipoidléslichkeit der 


die der fiir Harnstoff durch das H. A. mit seiner gewaltigeren Beeinflussung auf die 


und meiner daran anschliessenden Uberlegung erleidet die Lipoidphase des Plasmas : 
etwas starkere Umwandlung durch das H. A. als dessen Eiweissphase. 

_ Wenn das H.A. auf die Protoplasmamembran direkt wirkt, dann kann die ‘ 
Totaache: dass die Substanzen, die die Auxin-Aktivitat haben, im allgemeinen obe oe 
flachenaktiv sind (VELDsrrRa, 44), diese Auffassung begriinden. Es gibt aber auc 


eine Moglichkeit, dass die Strukturveranderung der Plasmamembran ein sekundi 
Resultat der Zellenmetabolismusveranderung ist. 


Die’ eveteuche wurden im ei Raa rege Institut der PUnivarsitat Zu 
<yoto. angefangen und im unseren Institut zum Schlusse gebracht. 


Hier sei es mir 
- gestattet, meinem verehrten Lehrer, Herrn Prof. Joji Asuipa, fiir seine Anregung 


und standige Anleitung den besten Dank auszusprechen. Ebenso danke ich Herrn : 3 


Jiro Kato ftir seine wertvolle Unterstiitzung bei der Arbeit. 


a... . Zusammenfassung 
= 1. Die Permeabilitat der Zwiebelschuppenepidermiszellen von Allium cepa fiir 


‘Harnstoff und Glyzerin wird durch 10-8 Mol. Heteroauxin deutlich erhéht und durch 
; 10. -3 Mol. gehemmt. 
a a 2. Bei Zusatz von 10-8 Mol. Heteroauxin wird die Permeabilitat fiir Glyzerin | 7 
% Starker erhoht als die fir Harnstoff. Daraus ergibt sich, dass die Lipoidphase, wie _ 
die Eiweissphase, der Protoplasmamembran durch die physiologische honzent om x 


Es 
pote Heteroauxins beeinflusst wird. 
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Yukio HUZIWARA: Karyotype analysis in Aster I** 


1953 448 5 A 25 Hetty 


J av 7)e (Aster) h+ 7ERCBUR 200 MeSuKe RB CMSs k OVA ¢ 
BAT So A (1937) \RAAVE Aster & LC 32 Hi, 9 MiB, 15 ZeHlits + OF 6 Hhbe aah 
LTW So HERO FAK (1926) (& Aster ts KO CORR BH 12 HD PRR EARS 
Hue Lito 4055 Aster MICBTSLOK 8 MCHS. BkROMS (1931) A. 
Novae-Angliae OeafkBe 2n=10 LWABLID 10 MWOYEAKD 5b 6 (Aldo 4 fill 
KVEW LE RHEL. IF (1935) lk A. alpinum © Ake DEL, Delisle 1937) 
(RAGE Aster 2 MOREA BE Ha Lic. “FbARRONE GE (1940, 1942) (KA APE Aster 


OA RO BBE OW THe Lio KIC ORICIK 2 (MORES & OEATOR ERD 


Dot, Cire LEYWLGAKEADI. S SIP (1941) IHRE Aster 8 BD Uefa 
RH LIC. LP LU LOHHHSANC ARIE OW T CHO THINK SBM OD ME COR 
BW TEARADNTORW. COW Aster fy 10 MCW TOBMAPORMRTH 
Do ABOABISALA (1937) KD, BM OKD LBA (143) KOK, 


A 5 
PIO ASS Hoa MIS 3 T FTW, Tjio & Levan (1950) j2kS oxyquinoline #x 


FAW AER a ve 4 vt LOS UMC EOK, 


ifs ES 


1. a+} A. Glehni Fr. Scumipr var. hondoensis KirAMuRA 2n=18 WHERE (Fig. 
1, Table 1) 


PRAMAS 18 AISA & 3 OR 9 WAIST SO LACABKRALSST submedian 


| DFE 3, WADWMYK 2 HOSS 1 Wik LE WV CHOTPICLABE BO, 


PINSAKOKRCHD SNS, 
K(2n)=18=2-sAf" +2A3™ + 2B™ +4C8™ 4+ 4D™ 4. 45m 
Table 1. +v>iied 3 LEK 3 OM (10=12 2) 


Ye f& Alyy 3, 4 5, 6 7,8 9,10 | 11,12 | 13,14 | 15,16 | 17,18 


P= Ibe =| 204+10 30 30 25 25 25 25 20 20 

a 25 25. aon) 20 20 15 15 15 15 ‘sh 
fr 55 55 50 45 45 40 40 35 35 

ROR sm sm sm sm sm sm sm sm sm 


* SCRA ALDH AD GI & 3 BR. BUR 10531. 
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2. na4a*z A, viscidulus MaKino 2n=18 iH [pe (Fig. 2, Table 2) 

FRAUD REE 9 IOS SELAD 1 Hlk LIEYCH AC median DERA¥Lb-HOP 
OKRA EOTW DS. RVD SHiTNT submedian OPFACHRAKELDCVS. & 
MISKON CHD SNS o 


K(2n)=18=25A™+ 2B5™ +6C8™ + 4Ds™ + 4ES™ 


Table 2. ~ 247136 3B REKOK 3 OWE (10=12 1) ot 


we f fk 1,2 3,4 5,6 7,8 OF 10 -|° 11,12 ) 13,141 305, fos gas q 
x 30 30 25 25 25 95 25 20 20 : 
= ES] 20410) 20 20 20 20 15 15 15 15 ca | 

at 60 50 45 45 45 ZN) 40 35 35 | 
it *O m sm sm sm sm sm sm sm sm 


3% eve Y~ x2 A. microcephalus Fr. et Say. 2n=36 Fiz CFig. 3, Table 3) 
L@ Asier (k 4 MACH OTC AMIDE 18 HOS BAD 1 Wie LEW Cie aa 
PCI ARE LO, HBA 14 Mat subterminal CH ) Hs 15 W4s KUM 16 Wa ie 
median CH 242*, fhlkF~T submedian CHS, MAOYAGAKOKRS & Ll ETSL ER) : 
DUGAOE Sk 0.23 LT FEW BIMEKONTCKD SNSo mi 


K(2n)=36=25As™ +-2B5™ +8C™ +4D5™ 4+ 2E™ 4 4FS™ 1465" + OHit-+ 4H +-4Ism 


Table 3. ev Ry XT Cisd 5a KOR 2 ONE A0=12p) 


ye fa, fk ie 3, 4 5,6 7,8 9,10 eZ 13,14 15,16" ells: 
Se ik 35 40 30 30 30 30 25 25 20 
ed, bit 20+10 20 20 20 20 20 20 20 15 
Gig 65 60 50 50 50 50 45 45 35 
ae nee sm. sm sm sm sm sm sm sm sm 
Ye fe, (kK 19, 20 Zieoe 23, 24 255/26 27,28.) 29730 Bie ey 33, 34. | 35, 36 
wa 20 90° he 15 15 15 10 10 10 10 
psc [bi 10 10 10 10 5 10 10 5 5 
Et 30 30 25 vas 20 20 20 15 15 
GS Row sm sm sm sm st m m sm sm 


4. 47+2*2 A. ageratoides subsp. amplexifolius KirAMURA 2n=18 3t#hJFAERE CFig. 
_ 4, Table 4) ; 
FRANK ONO 5 BIEKO 1 HR LEGA C—O OAR eb BTR IS 
median CHZ_ HS 8 WwW Firs submedian CPHPRALEDIWS H 4 HORNE 
CKRADIED 614, BAEKONTRD S14. 


K(2n)=18=2°AP +4A3"-+2B,sBy"+6B3"-+ 20% +2D™ a 


a 964 te eRe 


Table 4 to p#7 eG SRAKORS OM (a0= Ses 


% f tk 1,2 3,4 5,6 7,8 9) 10 | 2412 3514 |" 15,16"); 


ke Bi 30 35 35 20+10 30 30 30 30 
‘i Ie =| 20410 25 25 25 25 25 25 20 
ft €0 60 60 55 55 55 55 - 50 


ja AL m sm sm sm sm sm sm sm 


«5B 2 av #2 A, ageratoides subsp. ovatus Kitamura 2n=36 #iAAIPIUEE (Fig. 5 ; 
Table 5) if 
COM ELKRO 4 HAR CHOT 18 WO HMMAGKO 5 BIRAD 2 Wis submedian 
APRA BO LER COMPLI ABE BOTS. LD 2 NOWELL — 
Pad CK MCW SHH 1 GLH 2 WLAAKSSEACMICLE 1 WIE A ¢ ce a 
Re 1 LSSLSH 2 HOSE 0.76 CBS. KDHE EH DREAK CERES a 
BW TDR UKERESS YD, RKORGEADRS 21 LFStL Se ae 0.24 i ee 
RS Kh, BILAADR CHD 822 0 


—-K(2n)=362°A™ 2B ™ 44C™ 2D™ 44E™ + 2F™ +2G™ 4 2H™ 414] $27" ; 


A 


Table 5. 72747203 BAKO 2 OW 0=12p) 


| et rk | 12 3,4 5,6 7,8 |. 910°) 11,42° 7 13, 14°F 15, 164 17-18 
ee py l. '50 35 35 35 35 30 30 30 
’ es | 25410 | 20410] 25 25 20 -20 20 | 15 
ay af 85 65 60 60 55 50 50 |. 45 
FRM sm sm sm sm sm sm sm sm 
| 38 t te | 19,20 | 21,22 | 23,24 | 25,26 | 27,28 | 29,30 | 31,32 | 33,34 
| 3 be | 20 20° | 20° | 20 20 20 20 20 
| bi 15 10 10 10 10. 10 10 10 
; at 35 30 30 30 30 30 30 30 
GM sm sm sm sm sm sm sm sm 


se —3#7*2 A. komonoensis Makino 2n=18 AKAs PE (Fig. 6, Table 6) 
— PRAMILELHE 9 WILT submedian KAHRMRE BEAD 1 We LEACH CA 
a ORK DILSDICAB (, MPU OAM EOTWS. (WO 8 Si soTRREHORS 

BPED TDI TDS. FENSLROMCHH SINS, 


K(2n)=18=2%A™ +4B™ +6C™ +6Ds™_ 


Table 6. 2 7¥ 720 3 RAKOE 3 OPE (0=12p) 


| oe fe te | 12 3,4 5,6 7,8 | 9,10 | 11,12 | 13,14 | 15,16 | az 


SPUR Weil . 30 25 25 25 2 | 25-| 20 | 20 <|- 20 
si we «| 15410} 20 20 15 15 Wei Ib |e 15 ee 

at 55 45 45 40 40 40 35. )): oi 
GH sm sm > sm sm .|..sm.j| sm )|. sm sm. 


. 4 gYTED A. scaber THuns. 2n=18 aR (Fig. 7, Table 7) 
RAMP 9 D5 BAD 1 elk LEY CapeC: submedian CHK ABD YB 
ROKR EO, KEKE 1 WB submedian CHRKABSY, THLMAO 2 We 
median KAKA ADS. KO 2 HAM MACHRA submedian CHSRLOMm 1H 
— DldieihAF ) OD submedian, HO 1 Kit WAY D submedian CHS, KO/P3w 2H3R 
 submedian 7H ED, HeLO 1 Wilk median CAPRA EB, HHMI IES DK 
REDD ONS. BMIGKORNCHHDSNS~ 


io 


Sar a is 


K(2n)=18=2,,A™ +2B3" + 4BP +2C8™-+2C8™4 4D™ 12°R™ 


Table 7. YAY ET KIBGSYAAOKA OVE C0=1.2p) 


yf fe | 1,2.) 34 | 5,6 | 7,8 | 9,10 | 11,12 | 13,14 | 15,16 | 17,18 
fz | 30410] 40 35 35 40 36 chee ee 25-4) ta 
i We | 85 30 5 35 25 30 20 20 | 15+10 : 
Bhs ke 75 70 70 70 65 65 55 55 50 
a@R*E sm sm m m sm sm sm sm m 


8 touyvuxZ A. rugulosus Maxim. 2n=18 jihAA Hee (Fig. 8, Table 8) 


2 Ee een Ve ee } er et ee oe eS. > nn. So, eT 
’ Re Shae i 2) ¥\ wg oY uRoe < rh - Sa a pass mee Sra N ‘ v 


x 


“ x PAs ee F: 

Kn) =18=25A"™ + 2B" -+-4BE + 2C™ + 2D™ + 4EP™ 4-9. s™ 

Table 8 FY YUH Vicks sAKOKS OM (10=124) 

-. 

aed 

A te fk | 1,2 3,4 5,6 7S al O40 | - 11, 12--|-43, WA "15, 16421718 

rhs : J 

io 2 | 45-| 50 40 40 45 40 40 40 30 

: ‘a = ssS«| 20420 30 40 40 30 30 25 25 | 20+15 

bout 85 80 80 80 75 7084 65 65 65 
Pa nee sm sm m m sm sm sm sm sm 


9. A. Novae-Angliae L. 2n=10 (Fig. 9, Table 9) 


Aster C, AMIDE 5 HDD, OSD 3 WMO 2WRDAS CBA, HUTTED 
KIS, BREDOMBCEKHSw 2 Glestte submedian C7FKRReLLEKES LI | 
BO THEESRWO SD, AZU 3HOMCREODAS S LBL BO THEDUD Gtk | 
at 3 ee subterminal CH % a, BAD 1 AUSHEICATET 


PRAM 9 D5, BAD UWI LEAR C submedian MRM E BK 
ABW LH LAB submedian CH ZPD CBS, KO 2 Nek median CH 
RES, RS 5 MATNT submedian CHRALEOTWS, HO 3 HEME 
— BSCHSHRTOIS 1 WAU KC BML LAME LITO 3. BEKORCHD 


<a Ray iiceley < Quebec, Carolina, Missouri, Kansas, Colorado OMS CAESS Gs 


oa Pe eet 


266 


iw 2 H RB fF 66 S$ 785—786 = An 28 4A 11-12 B 


: 0 y y Y i 
ey ee | eo} ie | amt mer eT) : 
12 3» Bap 78 910 (4az2 1314 1516 17:18 | 
° ‘ 
i] 
z2AW KK OK ow kK 
Son Pe pe pas 56 78 C10 Told, 426 2-45)28 15 0164e2 7B ee . 
0° 7 
iY Hi \ K } Hy sais 
Ah. MX Ww K 9 it w@ it 
3 ez a ‘Bioig 78 910 1112 23514 15°16 1728 4 
Bhd 88 Be ae ee Ss 
; 19 20. 21 22 23 2 25 26 27 28 2930 31 32 333% 35 36 i 
rs én it Ih we (NS a i jk 00 ; 
Wh oR DD a fe a Yee . 
12 35g. it ek So yer a OE10 M 12 \ ‘ 15 16 1718 i 
i 
« 
17 Wea ~V Ue voeW ao ogg } 
MK ou ade aa 
5 Rg Tut es ae aace aa hee ye 2? 43 a a a 17 18 3 
SCT Th TE We a eet 
191. 20.% (21220423 24255201 ko? 20 ae 29-30 Jt 32 ey eo EG 
5 N v 
(em | ar | ee a | | a 
a TX? 34 SG 7 8 910 AV/12~ 417 TAT 9S 6 17220 
‘ee 
iT I Vv \ Ht VV oy vy E 
ee 
7 MN AKI A 181 : 
12 34 Bo 6 7. B:- 49 LO", BL Ja) 17 segs eee | 
Ud . 
A eX N96 
A UY A A S&S xe 
ee Aida brik SEM 8 910 11 12 131415 16 47 18 
ert Sapa 920 : 
9 Mw Wh ik 
12 34 5 6 pay 3 END : 
10 s | ce 
Mow of ON ow ow oH 
12 34 5 6 7 8 O20. Ta 'E2| eos te 1s 1G 17 18 
Figs. 1-10. Aster JR 7 fi, 2 Tiffite LU 1 BRO‘ MWAeR x= 1500. 
Fig. 1. A. Glehni var. hondoensis. Fig. 2. A. viscidulus. — Fig.3. A. microcephalus. 
Fig. 4. A. ageratoides subsp. amplexifolius. Fig. 5. A. ageratoides subsp. ovatus. 
Fig. 6. A. komonoensis. Fig. 7. A. scaber. Fig. 8. A. rugulosus. Fig. 9. A. 
Novae-Angliae. Fig. 10. A. subulatus. 


_ Nov.—Dec. 1953 


Bot. Mag. Tokyo, Vol. €6, No. 785—786 267 


{TL DYLAN % AHA DE (FET LAEYCIAIL ZT OUNCE GE, BHO 


HACHDOSNSZ, 
~ KQn)=10=2ASt+ 2B*t+ 2Ct4 4D™ 


Table 9. A. Novae-Angliae L. 36 \t 3 Ye fKOK 3 OPH (10=1.2 p) 


% fi tk 1,2 3,4 5, 6 7,8 9, 10 


FS Mr 40 30 oo 15 15 

Sed, pis 15 10 10 10 10 
ar De 40 35 25: 25 

aOR RM st st st sm sm 


10. A. Subulatus Micux. 2n=18 (Fig. 10, Table 10) 

<= Ofiitnt& New Hampshire k ) Florida WE SILKHIPEORHEO LOCH SZ DIAIL 
HME UTHAC EARL GNS, FRAN 9 WO BIRAD 1 WRENS AIT sub- 
terminal OfZAIC RA tL SDOKRRAEDEW, KRICKSBW 1 Mlk submedian CIFKA 
456,XO 1 WOGKRA median C—HOMO WK k < BUR CKRERLOTWS. 
KO 5 Kk submedian HARADA UAB S LBL BART. He)O 1 Wd sub- 
terminal \D7RADDS SZ. FBMEKONTCTKD 38N3, 


K(2n)=18=2At+2B™ +2°C™ +10D™ + 2E* 


Table 10. A. subulatus MICHX. Kisit 3 BEKO 3 OFF 0=1.2p) 


| ye fa fk iie2 3,4 5,6 7,8 9,10 12 13,14 15, 16 17,18 
Se Ibe 40 20 15 15 LS 15 15 15 15 
5G. be 10 15 10+5 10 10 10 10 10 i 
rie 50 35 30). 20) 25 25 25 25 20 
a RR st sm m sm sm sm sm sm st 
B ee 


DLE® Aster BORNE BIS 3 AIS KOT ODE EK 5 CAREC WO TRH AP 
2. HAM Aster as Tlh LER ADE CET SO AMC HSE LE Ra 


AND KOTEORKESSLBLEBU TOFD SDVIOB9VRSH ONS, Aster BOAEMAKLA — 


eS OMNIS S LAK OYA K DOYLE SECTORS SD IBAMDL, & 
OPN S OPULB I HD UEROIEAHECKIC IS 3 EIA ARE 2 AERTS Sau T 


Ke < (0.55-0.76), HAE 4 MARS sc TS ¢ (0.23-0.24), AL-KH Aster CWO TRA 
KO HAH (0.40-0.45) CH So 

Yet [ROGER AO ris (HABE Aster (tau Tk 180 YetafAO 5% 20 (11.1%) 2* me- 
diaa, 158 (87.8%) 2~* submedian, 2(1.1%) %* subterminal CH 26, submedian O% 


ie Ops, subterminal DZ OKMdDTLY. SHEE Aster ssw Tk 28 BEKO S 2 
. (7.1%) 2* median, 16 (57.1%) * submedian, 10 (32.7%) 2* subterminal CHAZH6H 
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Summary 


The karyotypes of 7 species, 2 subspecies and 1 variety of Aster are studied by a 
sae the aid of oxyquinoline technique. In all the Japanese species of Aster L2E -chromo- — ae 
~ somes (the largest chromosome with a secondary constriction) are present. The Fe ‘ 
_ karyotypes of the two species in Aster from North-America (i.e. A. Novae-Angliae ; = 4 
j A subulatus) are quite different from those of the Japanese Aster. In diploid species 5 E 
"the length of the chromosomes has little difference between long and short members. * 


ee picroorphalss and A. ageratoides subsp. ovatus are allotetraploids. 
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Y6 TAKENAKA: Cytogenetic studies of Nicotiana, V. Reduction divisions in hybrids 
between N. suaveolens and three other spccies, with English summary 
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Figs. 1-3: chromosome figures in PMC’s 
of the hybrid N. suaveolens x N. gossei. Fig. es , 


a”. 
1, diakinesis, showing various chromosome con- 
jugations. Fig. 2, chromosome figures at IM, as 
showing uni-, bi- and polyvalents. Fig. 3, 
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remarkable end to end conjugations at IM. 


Fig. 4. Fig. 5. 


Figs. 4-5: chromosome in PMC’s of the hybrid N. suaveolensx N. _ plumbaginifol ay 
Fig. 4, 20 univalents and 3 bivalents at IM. Fig. 5, a chromosome ipa continying fr | 
es to uM. | 
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4 Photos. 1-5; chromosome figures in PMC’ 
1-2, chromosome configurations at IM, 
Photo. 3, homeotypic nuclear plate at first division. 
IIA. Photo. 5, 2 chromosome bridges continuing from IA to’ IIA. 

Photo. 6, pollen sacs of the hybrid WN. suaveolens 
cells (right), and degenerated and disintegrated PMC’s Cleft). 
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Photo. 1. : Photo. 2. 


Photo. 3. Photo. 4. 
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Photo. 6. 


Photo. 5. 


s of the hybrid N. suaveolens x N. gossei. Photos. 
showing especially various chromosome conjugations. 
Photo. 4, splitting chromosome bridge at 


x N. longiflora, showing enlarged tapetum 
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HRS SEDOEVALI. LORML A CHU CH- GREAT SEO“, H-EBIOH 
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Summary 


(Reduction divisions in hybrids between N. suaveolens and three other species.) 

Reciprocal crosses between N. suaveolens (n=16) and four other species, N. gosset 
(n=18), N. alata (n=9), N. longiflora (n=10) and N. plumbaginifolia (n=10), were 
carried out. The reciprocal crosses between N. suaveolens and N. gossei gave always 
many germinating seeds, while the other six crosses did not produce any seeds, with 
the exception of N. suaveolensx N. longiflora and N. suaveolensx N. plumbaginifolia. — 

In the meiosis of the PMC’s of the hybrid N. suaveolensx N. gossei, the chromo- 
some configurations most frequently found were of the following three types, 
211+140, 1mi+1511+11 and 161+21. Besides, several polyvalents were occasionally 
observed, and many chromosome bridges were seen at first anaphase. This suggests — 
the presence of some inversions or translocations between the chromosomes of JN. 
suaveolens and those of JN. gossei. 

The study of meiosis in the PMC’s of the two hybrids, N. ieee longi- 

_ flora and N. suaveolensx N. blumbaginifolia, agreed very well with Kostoff’s obser- 
- vations, the number of bivalents in the former being 0~3 and in the latter 0~4. 
Since the chromosome configuration 111+241 was mostly observed in the above two 
hybrids, it seems that one pair of chromosomes with long homologous parts in 
common is present among the chromosomes of N. suaveolens and N. longiflora or 
N. plumbaginifolia. . 

In the hybrid N. suaveolensx N. longiflora, cells of the tapetum tissue were 
strikingly enlarged at an early stage of meiosis, and all _PMC’s, from unknown ‘ 
causes, almost always degenerated and disintegrated before. the end of the reduction a 
division. 


(National Institute of Genetics, Misima, Japan.) 
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Sitiro SATO: The histochemical detection of succinic dehydrogenase 
with 2, 3, 5-triphenyltetrazolium chloride. 
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Summary 4 


The reduction of 2,3, 5-triphenyltetrazolium chloride (TTC) by embryo slices 
of Phaseolus vulgaris was studied. 

Excised radicle and hypocotyl were sliced longitudinally with a razor blade and 
incubated in reaction mixtures containing 10-2% TTC, 10-2M sodium succinate and 
0,088 M phosphate buffer (pH 6,8) at 28°C in dark. Then the appearence of red 
colouring was observed in various time intervals. 


eS ee ee Pe ae 


Under these conditions, the colouring, indicating the reduction of TTC to triphenyl 
formazan, was appeared at the procambial region, and was facilitated by addition 
of sodium succinate (Table 1). | 

Effects of temperature and some inhibitors were studied under the existence of 
succinate. 

(1) The reducing activity of the tissues was coniptétely damaged by pretreat- 
ment at 52°C for 30 min. (Table 2, 3), and influenced by the incubation temperature 
(Table 4). 

(2) The reduction was also completely inactivated by monoiodoacetic acid at 
the concentration of 10-3M (Table 5, 6). 

(3) Malonate, known as a specific and competitive inhibitor of succinic de- 
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hydrogenase, inhibited the reduction only slightly when added in the reaction 


mixture (Table 7, 8). When the slices, however, were pretreated with a 10-2M 
malonate solution for 37 min, the inhibition increased intensively (Table 9). 

(4) The reduction was prevented completely by pretreatment with 10-1 M lead 
nitrate solution (Table 10). When these slices were washed with a dilute solution 
of ammonium sulphide after the treatment, their procambial regions became stained 


was proved as lead sulphide, and these facts suggest that the inactivation by lead 
salt may be due to the combination between lead ions and enzyme protein (probaly 
succinic dehydrogenase). 

(5) When the phosphate buffer was replaced with acetate buffer, the reaction 
was completely inhibited (Table 11). 

(6) Potassium cyanide inhibited the reduction at the concentration of 10-3 M 
(Table 12, 13). This inhibition may be due to the inactivation of succinic dehydro- | 
genase aS was pointed out by Tsou. : 

Standing on the basis of these results it was concluded that the site of staining, 
i.e. the procambial region, was that of succinic dehydrogenase, although it was not 3 
confirmed with certainty yet what was the direct carrier of hydrogen atom to TTC. 3 
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